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ABSTRACT
This experiment compared four ra tio n s  con ta in ing : ( I )  com
s ila g e , a l f a l f a  hay, and concen tra te  in  a conventional ra tio n ; ( I I )  
com  s ila g e  and concen tra te  in  a complete ra tio n ; ( I I I )  corn s i la g e , 
C oastal bermudagrass p e l le t s ,  and concentrate  in  a complete ra tio n ; and 
(IV) com  s ila g e  and concen tra te  in  a complete r a t io n , plus long grass 
hay fed se p a ra te ly . The com  s ila g e  contained 0.6% urea added a t  time 
o f  e n s ilin g . S ix teen  la c ta t in g  H olste in  cows were assigned to a s e r ie s  
o f four l a t in  squares fo r the study, which was divided in to  four periods 
of four weeks each. Data on ra tio n  consumption, ra tio n  composition, 
m ilk production , and milk composition were co llec ted  during the l a s t  
th ree  weeks o f each period . D ig e s t ib i l i ty  o f the ra tio n s  and body 
weight changes were determined during the fourth, week o f each period .
The crude p ro te in  percen tages, crude f ib e r  percen tages, and d i ­
g e s t ib le  energy content (Mcal/kg) o f the ra tio n s  were: (I)  16.9, 13.3,
and 2.79; ( I I )  15.6, 17.2, and 2.62; ( I I I )  15.5, 16.9, and 2.34; and 
(IV) 16.6, 15.0, and 2.74, re s p e c tiv e ly . Ration composition was uniform 
throughout the study, except fo r the crude f ib e r  percentages o f Rations 
I I  and I I I ,  which had a sm all, but s ig n if ic a n t  period  v a r ia tio n .
Energy in take  values fo r  Rations I ,  I I ,  I I I ,  and IV, re sp e c tiv e ly , 
were: gross energy (GE) 81 .8 , 75.1, 84.0, and 82.1 Meal; d ig e s t ib i l i t y
(%) 65 .3 , 62.2, 56.6, and 64.4; and d ig e s tib le  energy (DE) 53 .6 , 46 .5 ,
47 .3 , and 52.8 Meal. Ration I  was s ig n if ic a n t ly  h igher in  both d i ­
g e s t ib i l i t y  and DE in tak e . Ration I I I  was lowest in  d ig e s t ib i l i t y ,
x i
but DE intake was not d ifferen t from the other rations. Ration II had
I
a s ig n if ic a n tly  h igher e ff ic ie n c y  of u t i l i z a t io n .
The follow ing treatm ent means were obtained fo r dry m atter con­
sumption, a c tu a l m ilk production , m ilk f a t  percentage, and so lid s -n o t-  
f a t  (SNF) percentage: ( I )  19.5, 22.2, 3 .66, and 8.64; ( I I )  17.5, 20.6,
3.75, and 8.62; ( I I I )  20.0, 21.8, 3 .57, and 8.77; and (IV) 19.1, 21.7, 
3.57, and 8.64, re sp e c tiv e ly . D ifferences between treatm ents were s ig ­
n i f ic a n t  (P < .01) fo r dry m atter in take  and m ilk f a t  percentage;
(P < .05) fo r SNF percentage; and (P < .10) fo r milk production. 
Treatment means fo r so lid s -c o rre c te d  m ilk (SCM), m ilk f a t ,  and SNF 
y ie ld s  were not s ig n if ic a n t ly  d if f e r e n t .  There were s ig n if ic a n t  
(P < .05) d iffe ren ces  in  both p ro te in  percentages and p ro te in  y ie ld s , 
while d iffe ren ces  in  lac to se  percentages and y ie ld s  were not s ig n if ic a n t . 
Body weight changes were sm all, p o s it iv e , and not s ig n if ic a n t .  Animal 
h e a lth  d id  not appear to be adversely  a ffe c te d  by the complete ra tio n s .
Economic comparisons using two p r ic e  combinations showed th a t 
income over feed co st was h igher fo r cows receiv ing  Rations I  and I I  
than fo r  those receiv ing  Rations I I I  and IV. Ration I  showed an advan­
tage in  income over feed c o s t w ith a high s i la g e  p r ic e , w hile Ration I I  
was su p erio r when a lower p ric e  fo r s ila g e  was used. D aily treatm ent 
means using  a c tu a l co sts  from the t r i a l  fo r  Rations I ,  I I ,  I I I ,  and IV, 
respec tive ly ,w ere : feed c o s t $1.63, $1.17, $1.36, and $1.36; feed cost
per 45.4 kg m ilk $2.27, $2.58, $2_83i and $2.84; and income over feed 
co st $1.59, $1.53, $1.51, and $1.49. Feed co sts  were lowest fo r Ration 
I I  in both comparisons.
x i i
I t  was concluded th a t u re a - tre a te d  corn s i la g e  can be used suc­
c e ss fu lly  as a source of roughage fo r complete ra t io n s , w ith o r w ithout 
the ad d itio n  o f p e lle te d  o r long hay. A concen tra te  to roughage r a t io  
of 62:38 y ielded s a t is fa c to ry  lev e ls  of m ilk f a t  production. Decreas­
ing the r a t io  to 51:49 lowered a c tu a l m ilk production but increased 
m ilk f a t  percentage so th a t  FCM and SCM y ie ld s  were not changed. Under 
cu rren t m ilk p ric in g  conditions th is  change did no t adversely  a f fe c t  
income over feed c o s t.
x i i i
INTRODUCTION
During the l a s t  f i f te e n  years, no tab le  advances have been made 
In th e  g en e tic  a b i l i ty  o f  d a iry  cows to  produce high lev e ls  o f  m ilk. 
These advances have come about la rg e ly  because o f the Increased use o f 
plus-proven s i r e s  through the AI program. During th is  same period , 
numerous advances have been made In the f ie ld s  o f n u t r i t io n  and manage­
ment which have enabled high-producing cows to  express th e i r  genetic  
p o te n t ia l .  An in d ica tio n  o f th is  progress i s  the rap id  increase  In 
Louisiana o f the  number of farms w ith herd  averages exceeding 7000 kg 
of m ilk  and /o r 225 kg of f a t .  There a lso  has been a s im ila r  Increase  
in  the  number o f in d iv id u a l cows completing 305-day records which exceed 
9000 kg of m ilk  and /or 340 kg o f  f a t .  This l a t t e r  group o f cows poses 
many new problems fo r  the n u t r i t i o n i s t .
Concurrently w ith these  advances in  le v e l  o f p roduction , there  
has been a reduc tion  in  number o f farms and to ta l  number of cows, w hile 
number of cows per farm has increased . The in c rease  in  number of cows 
per farm, along with increased  labor c o s ts , decreased labor a v a i la b i l i ty ,  
and advancing technology has led  to the increased  use o f m echanization 
in a l l  aspec ts of the d a iry  e n te rp r is e . Ih is  is  e sp e c ia lly  tru e  in  feed­
ing opera tions which have been p a r t i a l ly  o r even com pletely mechanized 
and /o r automated on most Louisiana d a iry  farms. Thus, many dairymen 
have been compelled to  seek new systems fo r  feeding  th e i r  anim als. This 
impetus fo r change has been acce le ra ted  by the increas ing  c o s ts  o f hay,
the decreasing  r e l i a b i l i t y  o f p as tu re  as herd s iz e  increases, and the 
increased  re lian c e  on s ila g e  as a primary roughage source in la rg e r  
he rd s .
Challenge o r lead feeding o f g ra in , and g en era lly  increased lev e ls  
of concen tra te  feed ing , have done a g re a t deal to  a l le v ia te  the problem 
o f In s u f f ic ie n t  energy in take  which is  a common problem in  feeding high- 
producing cows. However, th is  trend in  increased  lev e l of g rain  feed­
ing has crea ted  o th e r problems. Two o f the most common ones have been 
a l te r a t io n s  in m ilk com position, e sp e c ia lly  depression of milk f a t  pe r­
c e n t, and the in a b i l i ty  o f many cows to e a t  the amount o f g rain  a l lo t te d  
to  them during the period  o f time th a t they a re  in  a m ilking p a r lo r . 
S e lf-feed in g  of concen tra tes and roughages sep ara te ly  has genera lly  no t 
been s a t is fa c to ry , due again , to problems asso c ia ted  w ith milk composi­
t io n . However, s e lf - fe e d in g  of high-producing cows does have sev e ra l 
advantages. These include: a genera lly  h igher to ta l  dry m atter Intake
as compared w ith feeding  two o r th ree  times d a ily ; an e lev a tio n  in  rumen 
m icro flo ra  lev e l due to  a more uniform supply o f n u tr ie n ts  in the  rumen; 
and the more e f f ic ie n t  use o f non-pro tein  n itrogen  (NPN) products, such 
as urea due to  th e i r  in g es tio n , and the concommitant re lease  o f anmonia, 
a t  a lower and r e la t iv e ly  uniform ra te  throughout the tw enty-four hour 
feeding  period .
Complete Feeds
Recent s tu d ie s  have in d ica ted  c e r ta in  advantages in  mixing rough­
age and concen tra tes in to  one complete feed fo r  la c ta t in g  cows. These
m ixtures are known as complete ra t io n s , blended ra t io n s , complete feeds, 
or a ll- in -o n e  ra t io n s . These m ixtures appear to  have severa l d e s ira b le  
fea tu res  from both a n u t r i t io n a l  and a management po in t o f view. Nu­
t r i t i o n a l ly ,  a c o rre c tly  form ulated complete feed m ixture in su res th a t 
the animal receives a balanced d ie t  reg a rd less  o f lev e l of in take .
Since the ra tio n  is  normally s e l f - f e d ,  i t  a lso  has the n u tr i t io n a l  ad­
vantage c ited  above fo r  se lf-fe e d in g . From the management po in t o f 
view, the blended or complete feed m ixture i s  e a s ie r  to handle in  a 
mechanized feeding program, e sp e c ia lly  where mechanized equipment is  
already  in  use fo r feeding s i la g e . Using th is  type of ra tio n  a lso  re ­
duces the to ta l  equipment inventory as sep ara te  mechanical equipment is  
not needed to feed g ra in  during the m ilking o p era tio n . Total labor 
input fo r  feeding operations i s  genera lly  reduced due to the n e ce ss ity  
o f handling only one ra t io n . A dditional lab o r savings may a lso  be 
re a liz e d  in both m ilking and cleanup operations when grain  feeding is  
removed from the m ilking f a c i l i t y .
Roughage in  Complete Rations
The g re a te s t  problem w ith complete feed m ixtures is  the problem 
o f ra tio n  form ulation. Since the cow is  prevented from making any ad­
justm ent in her d ie t  by the s e le c tiv e  ingestion  o f  ind iv idual feed in ­
g red ien ts or components, an im properly form ulated ra tio n  can lead to 
serious d e fic ie n c ie s . This d i f f ic u l ty  is  compounded by the lack of 
p rec is io n  in the evaluation  o f roughages. Chemical an a ly sis  is  o ften  
the only a v a ila b le  measure fo r  th e i r  ev a lua tion . However, due to  the
wide v a r ia tio n  in  the a v a ila b le  energy, p ro te in , and f ib e r  d ig e s t ib i l ­
i ty  in  feeds w ith e s s e n t ia l ly  the same chemical com position, th is  type 
o f evaluation  leaves a g re a t deal to  be d e s ired . More p rec ise  methods 
o f evaluating  the energy con ten t o f roughages and the d ig e s t ib i l i t y  o f 
th e i r  crude f ib e r  f ra c tio n s  a re  a v a ila b le . However, they a re  expensive, 
time consuming, and s t i l l  f a i l  to  account fo r  d iffe ren c e s  th a t  to ta l  
ra t io n  con ten t may impose upon the d ig e s t ib i l i t y  o f a sp e c if ic  ing re ­
d ie n t in the d ie t ,  H iis problem o f evaluating  the roughage po rtion  o f 
the feed m ixture i s  fu r th e r  com plicated by ra th e r  lim ited  and c o n f l ic t ­
ing d a ta  as to the proper composition o f a complete feed m ixture. Gen­
e r a l ly ,  most workers have used a roughage to  g ra in  r a t io ,  the p lac ing  
o f sp e c if ic  maximum and minimum lim its  on c e r ta in  proximate f ra c tio n s , 
o r  a combination o f the two methods.
Research a t  Louisiana S ta te  U niversity
In 1967, research  personnel o f the Department o f Dairy Science 
a t  Louisiana S ta te  U n iversity  i n i t i a t e d  a  continuing  p ro je c t to evaluate  
complete feed m ixtures under Louisiana cond itions (104). Hie two p r in c i­
p a l o b jec tiv e s  o f th is  p ro je c t were to in v e s tig a te  the most d e s irab le  
c r i t e r i a  fo r  form ulating complete feed m ix tu res, and to  evaluate  a 
number o f lo c a lly  a v a ila b le , commonly used roughage sources to d e te r ­
mine th e ir  r e la t iv e  m ilk-producing a b i l i t y  when used in  complete feed 
m ix tures. Secondary o b jec tiv e s  included the In v es tig a tio n  o f d if f e r e n t  
methods o f evaluating  roughages; eva lua ting  the economic f e a s ib i l i ty  o f 
complete feed m ixtures; determ ining the e f fe c t  o f  using these m ixtures
on herd h e a lth , m ilk composition, and o th er management fa c to rs ;  and 
In v e s tig a tin g  the phenomenon o f m ilk f a t  syn thesis  and the r e la t io n ­
sh ip  o f rumen v o la t i le  f a t ty  acid  (VFA) production to  th is  phenomenon. 
Hie p resen t study was undertaken as a p a r t  o f th is  long range p ro je c t. 
I t s  primary purpose was to  evaluate  u re a - tre a te d  corn s i la g e  w ith and 
w ithout the ad d itio n  o f p e lle te d  and long hay components as sources o f 
roughage fo r  complete ra tio n s  fo r da iry  c o w b .
REVIEW OF LITERATURE
Changes in  a g r ic u ltu ra l  technology in recen t years have prompted 
many d a iry  farm opera to rs to seek now and more e f f lc lu n t  moans of feed­
ing la rg e r  herds o f h igher producing cows. In answer to th is  need, r e ­
search workers have explored many new concepts in feeding la c ta t ln g  
d a iry  cows. These In v es tig a tio n s  have included a re -ev a lu a tio n  o f the 
n u tr ie n t  allowances fo r high producing cows, group feeding o f anim als, 
the feeding o f h igher g ra in  to roughage r a t io s ,  and the use of blondod 
o r complete ra tio n s  (87, 97, 83, 103). The complete ra tio n s  have boon 
of in te r e s t  to In v e s tig a to rs  p rim arily  because of th e ir  p o te n tia l  fo r 
reducing labor requirem ents, and because they o f fe r  a p o ss ib le  so lu tio n  
to the problem o f m ilk f a t  depression  a sso c ia ted  w ith the feeding of 
high le v e ls  o f concen tra tes to la c ta t ln g  cows.
Development o f Complete Rations
One o f the e a r l i e s t  in v e s tig a tio n s  of complete feeds was made by 
H arshbarger (40) in  1952. He reported  on th ree  ra tio n s  fed to th ree  
p a irs  o f cows. The ra tio n s  were: (A) a 70:30 m ixture of ground a l ­
f a l f a  hay and co n cen tra te s , s e l f  fed; (B) m ixture (A) plus s i la g e ;  and 
(C) a 60:40 m ixture of ground a l f a l f a  hay and concen tra tes plus long 
hay. Average d a ily  f a t  co rrec ted  milk (FCM) production on the th ree  
ra tio n s  was: (A) 13.93 kg, (B) 13.39 kg, and (C) 13.87 kg, re sp ec tiv e ly ,
The d iffe ren c e s  between trea tm en ts were not s t a t i s t i c a l l y  s ig n if ic a n t ,
and no adverse e ffe c ts  upon animal h e a lth  were repo rted . During the 
e a r ly  1960's, numerous in v es tig a tio n s  w ith complete feeds were con­
ducted by Olson £ t  <a l .  (76), Putnam and Davis (81), Ronning (89), and 
o th e rs  (30, 60, 100). These in v e s tig a tio n s  included s tu d ies  o f rough­
age to concentrate  r a t io s ,  p e lle te d  vs nonpelleted  ra t io n s , physical 
form of the roughage, and evaluation  of the n u tr i t iv e  value of d i f ­
fe re n t  roughages when used in  complete ra t io n s .
Comprehensive reviews of th is  ea rly  work were made by V illa v i-  
cencio (103) in 1967 and by Rakes (83) in  1969. T heir conclusions can 
be genera lly  sunmarized as follow s: (a) the blending o f concen tra tes
and roughage portions of the ra tio n  is  adv isab le  in c e r ta in  management 
s i tu a t io n s  because i t  allows g rea te r  c o n tro l over the concentra te  to 
roughage r a t io  w ithout a d d itio n a l lab o r in p u ts ; (b) feed in take and 
m ilk production o f cows fed complete ra tio n s  has genera lly  been com­
parab le  to th a t o f cows fed conventional ra t io n s ;  (c) problems of cow 
h e a lth  and milk f a t  depression have been encountered using complete 
r a t io n s ,  but these problems seem to be more re la te d  to the physical 
form and roughage content o f the d ie t  ra th e r  than to  the blending of 
the in g red ien ts ; (d) a minimum of 30% roughage appears to be necessary 
to  m aintain m ilk f a t  percentage; and (e) th a t  both crude f ib e r  per­
centage and physical form of the roughage a re  c r i t i c a l  fa c to rs  in 
m aintaining f a t  percentage in  the m ilk.
Rakes (83) has pointed out th a t  a d d itio n a l in v es tig a tio n  is  
needed on (a) the development and evaluation  o f new roughage sources,
(b) evaluation  of the long term e f fe c ts  of feeding complete ra tio n s ,
(c) re -ev a lu a tio n  of vitam in and m ineral supplem entation, (d) problems 
o f animal h ea lth  and m ilk fa t  dep ression , (e) varying roughage lev e l 
with stage of la c ta t io n , and ( f )  development o f su ita b le  methods fo r 
handling and feeding complete ra t io n s .
Recent S tudies Comparing Complete 
and Conventional Rations
In 1968, Fosgate e t  a l .  (33) compared the performance o f 29 Hol­
s te in  cows assigned randomly to  one o f  four trea tm en ts fo r  150 days:
(A) ad lib itum  feeding of com  s ila g e  and co n cen tra te s , sep a ra te ly ;
(B) complete ra t io n , 60% concen tra te , 40% cottonseed h u lls  (CSH) and 
C oastal bermudagrass p e l le ts  (CBP); (C) complete ra t io n , 70% concen tra te , 
30% CSH and CBP; and (D) ad lib itu m  com  s ila g e  plus 11.34 kg o f concen­
t r a te s  d a ily . The follow ing responses were obtained: dry m atter in ­
take (kg) and m ilk f a t  (%) on the four ra tio n s  were: (A) 27.7, 3 .4 ;
(B) 25.4, 3 .5 ; (C) 25 .4 , 3 .5 ; and (D) 28.1, 3 .5 , re sp e c tiv e ly . Milk 
y ie ld  fo r 150 days ranged from 3,235 kg fo r Ration C to 3,394 kg fo r 
Ration A. No s t a t i s t i c a l  an a ly s is  o f d a ta  was given, bu t there  appeared 
to be no re a l d iffe re n c e s  between m ilk  production and m ilk f a t  p e rcen t­
ages. The authors repo rted  th a t  no o ff-fee d  cond itions o r o th er d ig es­
t iv e  d istu rbances were encountered.
Larkin and Fosgate (57) repo rted  in  1970 on a th ree -y ea r study 
comparing two complete ra tio n s  and two conventional r a t io n s . Cows in  
Groups I  and IV received  high and medium lev e ls  o f concen tra te , respec­
t iv e ly , plus ad lib itu m  corn s i la g e ;  Groups I I  and I I I  received complete 
ra tio n s  ad lib itum  w ith  60:40 and 70:30 concen tra te  to  roughage r a t io s ,
using cottonseed h u lls  (CSH) and C oastal bermudagrass p e l le ts  as the 
sources o f roughage. D aily  average DM in take ranged from 19.8 to 22.7 
kg, milk f a t  ranged from 3.18 to 2.67%, and la c ta t io n  milk y ie ld  
(2X-305 day M.E.) ranged from 5,990 to 7,300 kg. There were no s ig n i­
f ic a n t  d iffe ren ces  between treatm ents. A year by treatm ent in te ra c tio n  
was p resen t in Group I ,  probably because th is  group was fed concen­
t r a te s  ad lib itum  during the f i r s t  la c ta t io n , and then r e s t r ic te d  to 
13.6 kg o f concentra tes per day in  the subsequent la c ta t io n s .  Group 
feeding o f complete ra tio n s  and to ta l  confinement did not appear to 
a f f e c t  h e a lth  or herd l i f e  in th is  study.
Rakes £ t  _al. (84) reported  the r e s u l ts  o f a f ie ld  t r i a l  in  1971 
using  a cooperating dairym an's herd in  North C aro lina. Two groups of 
16 cows each were assigned to one of two treatm ents a t  two weeks pre- 
partum and remained on th is  treatm ent throughout the e n tire  la c ta t io n . 
Group I  received a complete ra t io n , u t i l i z in g  ground corn cobs as a 
source o f  roughage, ad lib itu m , and Group I I  received 2.25 kg o f hay 
d a ily , p lus corn s ila g e  and /o r pastu re  as a v a ila b le , ad lib itu m . Con­
c e n tra te s  were fed to th is  group a t  a lev e l above requirem ents in  o rder 
to  allow  the animals maximum opportunity  to express th e i r  genetic  poten­
t i a l .  These animals received  1.8 to 3.6 kg of th e i r  concen tra te  allow ­
ance group fed on top o f  the  s ila g e . The balance o f  th e i r  ind iv idua l 
concen tra te  allowance was received in  the m ilking p a r lo r .  There were 
no s ig n if ic a n t  d iffe ren ces  (P ^ .0 5 )  in th is  t r i a l  fo r  ac tu a l milk,FCM, 
m ilk f a t  production, m ilk f a t  percentage, o r body weight change. How­
ever, lev e ls  o f feed in take  and m ilk production were h igher on the
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conventional ra t io n . The economic d a ta  presented  a lso  favored the 
conventional ra t io n . Annual income over feed co s t per cow was $488 
fo r the complete ra tio n  and $530 fo r  the conventional ra tio n ; however, 
these economic data  were no t sub jected  to  s t a t i s t i c a l  a n a ly s is . No 
d iffe ren c e s  in animal h e a lth  were observed in  th is  study.
Bath (9) reported  in  1969 on a C a lifo rn ia  t r i a l  using  two groups 
o f 22 cows each on a double rev e rsa l t r i a l  with 5-week treatm ent periods. 
Treatments were: (A) a l f a l f a  hay fed ad lib itu m , w ith concen tra tes fed
in  the m ilking p a rlo r  to meet production requirem ents; and (B) shredded 
a l f a l f a  hay, to which was added the d a ily  group concen tra te  allowance, 
fed as a complete ra t io n . On treatm ent (B) 1 kg o f  concentra te  was fed 
per cow each m ilking in  the p a rlo r  to minimize animal handling problems. 
The follow ing re s u l ts  were obtained:
Ration
D aily Means Conventional Complete
Milk (kg) 20.5 22.0
Milk F at (%) 3.69 3.69
M ilk F at (kg) .75 .81
SNF (%) 8.77 8.94
SNF (kg) 1.81 1.96
A ll d iffe re n c e s , except m ilk f a t  percentage, were s t a t i s t i c a l l y  s ig n i­
f ic a n t a t  the 1% p ro b a b ility  le v e l. Average d a ily  consumption o f con­
c e n tra te s  and hay fo r  a l l  cows was 7.5 and 14.5 kg, re sp e c tiv e ly . D aily 
m ilk production le v e l o f the animals on the t r i a l  ranged from 12.7 to 
44.0 kg. Level of m ilk production was m aintained on the complete ra tio n  
by both high and low producers w ithout excessive weight changes, in d i­
ca tin g  th a t the high producers were ab le  to  consume the amount o f feed 
needed, bu t th a t low producers did no t over-consume energy.
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Hooven «jt a l .  (48) reported  in  1971 on a t r i a l  in  which an en­
s ile d  complete ra tio n  and a conventional ra t io n  were fed a t  two stages 
o f la c ta t io n . The complete ra tio n  (A) co n sis ted  of corn s ila g e  and a 
27.9 percent crude p ro te in  concen tra te  mixed a t  a 60:40 forage to con­
c e n tra te  DM r a t io  a t  time o f e n s ilin g . Com s ila g e  fo r the conventional 
ra tio n  (B) was obtained from a lte rn a te  loads o f corn forage s to red  in a 
separa te  s i lo .  The animals on Ration B were fed corn s i la g e  ad lib itu m , 
a l f a l f a  hay a t  0.5% of body weight, and the same concen tra te  used in 
Ration A a t  a r a t io  o f 1:3 to milk y ie ld . Two groups o f 12 H olste in  
cows were assigned to e i th e r  Ration A o r B a t  two stages o f la c ta t io n ,
(C) 0 to 120, and (D) 120 to 240 days. The mean d a ily  m ilk y ie ld s  (kg) 
and dry m atter in take  (kg) were: (AC) 21.3 , 17.9; (AD) 15.6, 20.3;
(BC) 27.7, 18.9; and (BD) 15.6, 19.6, re sp e c tiv e ly , fo r the four t r e a t ­
ment com binations. Although these means were no t s ig n if ic a n t ly  d i f f e r ­
en t, cows on the complete feeds consumed le s s  DM and produced le s s  FCM
than the cows on the conventional ra tio n  in e a rly  la c ta t io n .
In 1967, Leighton and Helm (59) compared th ree  ra tio n s  during hot 
weather: (A) a l f a l f a  hay and green chopped sorghum fed ad lib itu m , w ith
concen tra tes fed a t  the r a t io  o f 1 :2 .5  to m ilk y ie ld ; (B) coarse ly  
ground a l f a l f a  hay and ground sorghum g ra in  mixed a t  a 30:70 forage to 
g rain  r a t io ,  and fed ad lib itu m ; and (C) chopped a l f a l f a  hay and ground 
sorghum g rain  mixed a t  a 30:70 forage to  concen tra te  r a t io ,  and fed ad 
l ib itu m . T h ir ty -s ix  la c ta t in g  H olste in  and Je rsey  cows were used in 
the t r i a l  during a 7-week period . D aily  FCM y ie ld s  (kg) and feed in ­
take (kg) obtained  were: (A) 14.2, 17.2; (B) 14.9 , 15.7; and (C) 15.4,
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16.4 , re sp e c tiv e ly . Milk f a t  percentage was 3.25% on the ground hay 
ra tio n  (B) as compared to 3.70% fo r  the conventional r a t io n  (A) and 
3.75% for the chopped hay ra tio n  (C) . Ration com position, stage of, 
la c ta t io n , and s t a t i s t i c a l  analyses were not given; however, the 
au thors concluded th a t the r e la t iv e ly  coarse ly  ground hay in  Ration B 
depressed m ilk f a t  percen t.
Braund and Van Horn (12X in  1969, summarized the r e s u l ts  o f 
fou r experiments p rev iously  reported  by o th er in v e s tig a to rs  comparing 
s i la g e  in complete ra tio n s  blended a t  feeding time w ith the same ra tio n  
in g red ien ts  fed sep a ra te ly  o r en siled  as complete ra t io n s . The data  
presented by the authors show only sm all d iffe ren c e s  in m ilk production.
Average D aily Milk Production (kg) 
Ration Form Georgia F lo rida  USDA
(1966) (1967)
Conventional 34.1 42.8
Blended Complete 34.5 38.9 41.6 43.1
E nsiled  Complete 38.9 41.4 44.6
These au thors in d ica ted  th a t ,  i f  group feeding was p rac tic ed , complete 
ra tio n s  would probably be more d e s ira b le  than feeding concen tra tes and 
g ra in  se p a ra te ly  because o f the d i f f ic u l ty  of c o n tro llin g  forage:con­
c e n tra te  r a t io  w ith the l a t t e r  p ra c tic e . They recommended th a t the 
complete ra t io n  be blended a t  the time o f feeding ra th e r  than e n s ilin g  
the  complete ra tio n s  because the former gives g re a te r  f l e x ib i l i t y  in 
use of ra t io n  in g red ien ts , and minimizes the chance o f n u tr ie n t  lo sses 
during the e n s ilin g  process.
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M uller jet a l .  (69) group-fed com  s ila g e  contain ing  100, 50, 
and 0% of the concentra te  allowance to la c ta t in g  cows fo r  18 weeks.
The remaining po rtion  of the concentra te  allowance was fed in the 
m ilking p a rlo r . Production of 4% FCM was not s ig n if ic a n t ly  d if f e r e n t ,  
but the cows fed a l l  of th e ir  concen tra tes in  the m ilking p a rlo r  gained 
s ig n if ic a n t ly  le s s  weight than the group which received the com pletely 
blended ra tio n .
S tanley and M orita (96), and Komkris e t  a l .  (56), have a lso  r e ­
ported  research  in which the same in g red ien ts  were fed in e s s e n t ia l ly  
the same p ropo rtions, e ith e r  se p a ra te ly  as conventional ra t io n s , or as 
complete ra t io n s . They found no s ig n if ic a n t  d iffe ren ces  between FCM 
production or m ilk composition.
Roughage to Grain Ratio
Many d i f f e r e n t  roughages can form the base fo r  complete feeds, 
a lthough there  a re  d iffe ren ces  of opinion as to what percentage of the 
r a tio n  should be roughage. Nelson e t  a l .  (72) used 20 H o lste in  cows 
fo r  th ree  feeding periods of 30 days each to determ ine the e f fe c t  of 
v o lun ta ry  in take  on milk y ie ld  and milk composition w ith  fiv e  p e lle te d  
ra tio n s  o f  varying roughage le v e ls . C oastal bermudagrass to concen tra te  
ra t io s  were as follow s: (A) 100:0; (B) 75:25; (C) 50:50; (D) 25:75; and
(E) 0:100. D aily  Milk Production and FCM y ie ld s  obtained were: (A)
12.3, 11.6; (B) 15.9, 13.7; (C) 18.5, 14.4; (D) 19.7, 14.5; and (E)
19.1, 13.4 kg, re sp e c tiv e ly . From these data  we may conclude th a t the 
25:75 roughage to  concen tra te  r a t io  was the most conducive to FCM
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production. As the percentage of forage decreased, the dry m atter  and 
d ig e s t ib le  energy in take  increased . This increase  in  d ig e s t ib le  energy 
in take  could be very b e n e f ic ia l  in  the ear ly  periods of la c ta t io n  when 
c a t t l e  cannot consume enough feed to m aintain milk production and body 
t i s s u e s .
Ibrahim and In g a l l  (52) used two d i f f e r e n t  roughage leve ls  (60% 
and 40%) to compare four complete feeds. The roughages were (A) corn 
s i la g e ,  (B) grass s i la g e ,  (C) ground hay, and (D) long hay. Daily milk 
production (kg) lev e ls  fo r  the 60% and 40% roughage ra t io n s  were: (A)
16.2, 18.6; (B) 14.6, 20.2; (C) 16.9, 18.8; and (D) 18.7, 18.7, r e ­
sp ec t iv e ly . The same o rder of d if fe ren c e s  was noted for FCM y ie ld .
Milk fa t  percentages were: (A) 3 .7 ,  4 .1 ;  (B) 3 .8 , 3 .6 ; (C) 3 .6 , 4 .1 ;
(D) 3.6, 3 .8 , re sp ec t iv e ly .
The 40:60 roughage to g ra in  ra t io n  was superio r  in  performance 
in  th is  t r i a l  in  terms of both m ilk f a t  percent and milk production.
Com s i la g e  a lso  showed a s l i g h t  su p e r io r i ty  over the o ther  roughage 
sources in terms of FCM production.
L i t t l e  and Hawkins (61) fed th ree  ra t io n s  in which corn s i la g e  
made up (A) 40%, (B) 50%, and (C) 60% of the complete ra t io n  dry m atte r . 
Total d ig e s t ib le  n u t r ie n ts  and p ro te in  content of the ra t io n s  were sim i­
l a r .  Twelve H olste in  cows were used in  a 3 X 3 l a t i n  square with 28 
day periods. Daily means fo r  DM in take  (kg), FCM (kg), and milk f a t  (%) 
were: (A) 19.5, 22.6, 3.96; (B) 18.0, 23.5, 4 .11; and (C) 16.8, 22.7,
and 4.06, re sp ec t iv e ly .  The crude f ib e r  leve ls  of (A) 12.4%, (B) 15.5%, 
and (C) 18.2% a l l  appeared to be adequate fo r  the maintenance o f milk 
f a t  percentage.
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Differences in dry m atter  in take were s ig n i f ic a n t  a t  the 5% 
p ro b ab il i ty  lev e l .  D ifferences in milk production and milk composition 
were not s ig n i f ic a n t .  Gross e f f ic ie n c y  of milk production (kg TDN/kg 
FCM) fo r  cows on Ration B (0 .54 ), and C (0.51) was h igher than for 
cows fed Ration A (0 .59).
Spahr and Harshbarger (94) reported  in  1971 on a t r i a l  using 
u rea - t re a te d  corn s i la g e  and concen tra tes  a t  th ree  d i f f e r e n t  r a t io s  to 
form (A) low, (B) medium, and (C) high energy complete r a t io n s .  Since 
ra t io n s  were formulated on an a s-fed  b a s is ,  and s i la g e  DM was v a r ia b le ,  
sp e c i f ic  r a t io s  on a dry has is  were not fed throughout the t r i a l ,  which 
was subdivided in to  four periods of e ig h t  weeks each in  dura tion . Corn 
s i la g e ,  on a dry b a s is ,  made up 60 to 80% o f  Ration A, 48 to 63% of B, 
and 38 to 49% of C. Three groups o f 16 to 20 cows each which were sep­
a ra ted  in to  low, medium, and high leve ls  o f production, were used in 
the t r i a l .  Cows were regrouped according to production a t  the end of 
each period. High producers were assigned Ration A, medium producers 
to  B, and low producers to C during each period . Data were analyzed 
based on reduction of FCM during the l a s t  f iv e  weeks of each period .
Some animals were de le ted  from the an a ly s is  because of m a s t i t i s  or stage 
of g e s ta t io n s .  The method of assign ing  animals confounds the e f f e c ts  of 
production le v e l  of the cows and energy le v e l  o f the ra t io n s .  Crude 
f ib e r  percentages of the ra t io n s  ranged from 9.9 to 16.8%. Milk f a t  
percentages were considered normal or s l i g h t ly  above normal considering 
breed and stage o f  l a c ta t io n .  This maintenance o f  adequate f a t  pe rcen t­
age a t  crude f ib e r  lev e ls  below 13% is  con tra ry  to most o ther published
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da ta .  A combined s t a t i s t i c a l  a n a ly s is  across a l l  ra t io n s  and produc­
tion  groups indicated th a t  the reduction in  d a ily  milk production of 
cows receiv ing  the medium energy feed (B) was less  than tha t  o f  the 
high (C) energy feeds. The authors concluded th a t  complete feeds con­
ta in ing  45 to 50% concentra tes and 50 to 55% corn s i lag e  adequately 
supported milk production up to leve ls  o f 30 kg per day when the mix­
tu re  was fed ad l ib i tu m . The da ta  from th is  t r i a l  support the r e s u l ts  
o f  Owen (79), who found no increase  in milk production of H o ls te in  cows, 
and a decrease in e f f ic ie n c y ,  due to feeding a complete feed contain ing  
61% concentra tes as compared to feeding a complete feed conta in ing  44% 
concentra tes . Data as to the q u a l i ty  and g ra in  content of the corn 
s i la g e  used in these two t r i a l s  i s  not given.
Escano and Rusoff (31) recen tly  reported a t r i a l  using grain
sorghum s i la g e ,  ground com  and soybean meal a t  three leve ls  o f  energy:
(A) 60; (B) 65; and (C) 70 therms of ENE/45.4 kg DM. Roughage made up 
71%, 57%, and 49% of ra t io n s  A, B, and C, re sp ec t iv e ly .  Twelve H olste in
cows were used in a 3 X 3 l a t i n  square design with a 1-week change-over
and 3-week da ta  c o llec t io n  period . Daily means fo r  DM Intake (kg), FCM 
production (kg) and milk f a t  (%) were: (A) 17.8, 19.1, 3.47; (B) 19.9,
20.9, 3.37; and (C) 21.7, 22.6, 3.55, re sp ec t iv e ly  fo r the th ree  d i f ­
fe re n t  energy lev e ls .
The increases  in  dry m atte r  consumption, and the productive r e ­
sponses were l in e a r  in d ica tin g  th a t  some h igher  r a t io  o f concentra te  to 
roughage r a t i o ,  or energy le v e l ,  might be needed for H olste in  cows with 
th is  production p o te n t ia l .
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Hooven e t  a l .  (48), Putnam and Loosli (82), and Brown e t  a l . (15) 
a lso  reported increased dry m atter consumption, increased d i g e s t i ­
b i l i t y  c o e f f ic ie n ts ,  and increased milk y ie ld  on ra t io n s  containing 
approximately 40% roughage as compared to h igher percentages o f rough­
ages .
Roughage Source fo r  Complete Rations
Numerous roughages o f  varying q u a li ty  have been inv es tiga ted  as 
sources of roughage fo r  complete r a t io n s .  Rakes (83), in h i s  review 
of "complete ra t ion s  in 1969, c ited  work on the following roughage 
sources: hay, s i la g e ,  haylage, pineapple hay and bran, corn cobs, c o t­
tonseed h u l l s ,  straw, waste paper, ground o y s te r  s h e l l  and po lye the lene . 
I t  was noted tha t the l a s t  two sources have been used with n o n - lac ta t in g  
animals only. Most of the work with hay has been e i th e r  with ground or 
chopped hay, probably because the problems assoc ia ted  with the mechani­
ca l handling of long hay. Two experiments have been reported on com­
p le te  ra t io n s  u t i l i z i n g  long hay (9, 52). Much of the early  work 
reported , including th a t  done a t  Louisiana S ta te  U nivers ity , used ground 
o r p e lle te d  hay and/or by-products such as corn cobs and cottonseed 
h u l l s  as roughage sources (30, 38, 56, 100, 105). However, recent s tu d ­
ies  have expanded th is  range of roughages to include s i la g e ,  long shred­
ded hay, and a d d it io n a l  by-products such as sugarcane bagasse (9, 53,
62, 85, 86).
Girouard j i t  a l .  (38) found th a t  cows fed cottonseed h u l ls  as the 
source of roughage in  a complete r a t io n  consumed s ig n i f ic a n t ly  more dry
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m atter than animals fed two o th e r  complete ra t io n s  contain ing  chopped 
a l f a l f a ,  or grass hay, or animals fed long a l f a l f a  hay and concentra tes 
as a conventional ra t io n .  The animals fed the cottonseed h u l ls  produced 
less  milk than the two groups fed a l f a l f a  hay but more milk than the 
animals fed grass hay. However, the milk production d iffe rences  were 
not s t a t i s t i c a l l y  s ig n i f ic a n t  a t  the 5% le v e l .  The cottonseed h u l l  
ra t io n  a lso  had the lowest d i g e s t i b i l i t y  c o e f f ic ie n t  o f the four r a t io n s .  
McCoy _et a_l. (65) a lso  reported  increased dry m atter  consumption on ra ­
tions containing cottonseed h u l l s .  He reported th a t  cows consuming a 
complete ra t io n  containing hay were more e f f i c i e n t  in  the use of TDN 
fo r milk production than were those animals fed complete ra t io n s  con­
ta in in g  e i th e r  ground com cobs or cottonseed h u l l s .
A f i e ld  t r i a l  reported by Rakes jet a l .  (84) ind icated  h igher, 
though not s ig n i f ic a n t ly  d i f f e r e n t ,  lev e ls  of milk production from cows 
fed s i la g e  and/or pasture  in a conventional ra t io n  in comparison to  
another group o f  cows rece iv ing  a complete ra t io n  contain ing  ground 
com cobs.
Marshall (62) recen tly  reported on a t r i a l  using p e lle te d  sugar­
cane bagasse and cottonseed h u l ls  as roughage sources for complete r a ­
t io n s .  The three ra t io n s  used contained 25% cottonseed h u l l s  (A); 12.57. 
cottonseed h u l ls  and 12.5% sugarcane bagasse (B); and 25% sugarcane 
bagasse (C). Daily dry m atter  in takes , as a percent of body weight, 
were: (A) 4 .1 ; (B) 4 .1 ;  and (C) 3 .9 , re sp e c t iv e ly .  Twelve H olste in
and s ix  Jersey  cows were used on th is  t r i a l  fo r a 10-week period. The 
author reported th a t  the t r i a l  was done in  the cool season o f  the year
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with animals in ear ly  la c ta t io n  which might account fo r  the high dry 
m atter  intakes obtained. Although the animals receiv ing  cottonseed 
h u l ls  produced more milk, conversion to SCM showed h igher  y ie ld s  fo r 
the two groups receiv ing  bagasse. This was due to a lower milk f a t  
percentage on the cottonseed h u l l  ra t io n .  Fat t e s t  was maintained a t  
or near pre-experim ental leve l on both ra t io n s  containing the h&gasse 
p e l l e t s .  Randel (85, 86) has reported on two t r i a l s  in  which s a t i s f a c ­
tory  performance was obtained using bagasse as a roughage source fo r  
complete r a t io n s .
In the work by Fosgate £ t  a l .  (33) previously  c i t e d ,  cows fed 
two complete ra t io n s  containing cottonseed h u l l s  and Coastal bermude- 
grass p e l le t s  produced as well as those rece iv ing  corn s i la g e  plus two 
leve ls  o f concentra te . S im ilar r e s u l ts  were reported  by Larkin and 
Fosgate (57) on a th ree -year study using s im ila r  r a t io n s .  However, 
an economic ana ly s is  of th is  l a t t e r  study ind ica ted  more economical 
production on the conventional corn s ilage  ra t io n s  (90).
Drude £ t  _al. (28) reported in  1971 on a study u t i l i z i n g  four iso ­
c a lo r ic  ra t io n s  containing: (A) corn s i lag e  and a l f a l f a  p e l l e t s ;  (B)
com s i la g e  and c i t r u s  pulp; (C) a l f a l f a  p e l l e t s  and c i t r u s  pulp, and 
(D) a l f a l f a  p e l l e t s  and cottonseed h u l ls .  S ixteen H olste in  cows were 
used in the t r i a l  u t i l i z i n g  a 4 X 4 l a t in  square with four-week t r e a t ­
ment periods . A ll  ra t io n s  had 60% of the d ig e s t ib le  energy supplied by 
concen tra tes . Roughage made up from 27 to 34% of the ra t io n s .  Daily 
DM in take (kg), FCM production (kg), and milk f a t  (%) were: (A) 22.4,
21.3, 3.35; (B) 22.4, 22.9, 3.46; (C) 17.2, 18.7, 2.74; and (D) 20.7,
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20.1, 2.80, re sp ec tive ly . Dry m atter consumption, milk f a t  percentage, 
and FCM were s ig n i f ic a n t ly  h igher a t  the 1% lev e l  of p ro b ab il i ty  fo r  
the two ra t io n s  containing s i la g e .  FCM production of Ration B was 
s ig n i f ic a n t ly  h igher  than Ration A a t  the 5% p ro b a b i l i ty  lev e l .
Corn S ilag e  as a Roughage Source
Corn s i l a g e  as the so le  source of roughage for la c ta t in g  cows was 
f i r s t  reported  in  1933 by Cannon jet _al. (17) and Hayden jet ail. (44). 
U n til  the l a t e  1950's, very l i t t l e  o th e r  work had been reported . Cop- 
pock (22), in 1969, made an extensive review o f  the problems associated  
with corn s i la g e  as the so le  source o f  roughage for l a c ta t in g  cows. Ac­
cording to th is  review, one o f  the primary problems encountered with 
com  s i lag e  as the only roughage source is  th a t  of excess energy and 
inadequate p ro te in  in take  by low producers rece iv ing  only small amounts 
of concentra te  in  a conventional r a t io n .  This problem is  fu r th e r  com­
p lic a te d  by the h igh ly  v a r ia b le  percentage o f  p ro te in  needed in the 
concentra te  as production le v e l ,  and th e re fo re  concentra te  consumption, 
changes. Coppock a lso  c i ted  da ta  to in d ic a te  th a t  sp e c ia l  problems may 
e x is t  with re sp ec t  to supplemental vitamin A, iodine, su l fu r ,  and o ther 
minerals when com  s i lag e  is  the sole  source o f  roughage.
Brown ejt a l .  (15) compared a l l  s i la g e ,  a l l  hay, and two combina­
tions of s i la g e  and hay as roughage sources in  a 282-day t r i a l  with 
l a c ta t in g  cows. Forage dry m atte r  in take  decreased as s i la g e  intake 
increased . However, forage energy in take  was constan t on .a l l  ra t io n s ,  
and milk production was h igher , but not s ig n i f ic a n t ly  d i f f e r e n t ,  fo r
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the a l l  s i la g e  ra t io n . These workers (15) a lso  concluded th a t  forage 
dry m atter  in take and e ff ic ien cy  o f TDN u t i l i z a t i o n  increased when 
concentrate  intake was r e s t r i c te d  as compared to ad lib itum  feeding of 
concen tra tes . Concentrate feeding a t  the r a te  of 1:3.5 to milk pro­
duction re su l te d  in h igher milk y ie ld s  and more e f f i c i e n t  u t i l i z a t i o n  
o f TDN in take  than did ad lib itum  feeding o f concentra te  fo r  84 days 
followed by concentra te  fed a t  a 1:2.5 r a t i o  to milk production.
Waugh ej: a l .  (108) achieved s im ila r  r e s u l t s  in a 56-day t r i a l  
with corn s i la g e  fed ad l ib i tu m , and hay fed a t  0 .0 , .25, .50, and 1.0% 
of body weight as roughage sources. A regress ion  line  ind icated  maxi­
mum dry m atte r  consumption when hay was fed a t  0.79% of body weight. 
However, energy in take and FCM production were the same fo r  a l l  four 
treatm ents.
Hutton and Bath (51), repo rting  on s tu d ies  made in  C a lifo rn ia ,  
ind icated  th a t  a combination of corn s i la g e  and a l f a l f a  hay fed to lac ­
ta t in g  cows i s  u t i l i z e d  more e f f i c i e n t ly  and gives superio r  performance 
to e i th e r  of the roughages fed a lone. Owen (78) ind ica ted  tha t the addi­
tion  of dehydrated a l f a l f a  improved conception r a te  of cows receiving 
normal and high grain ra t io n s  with com s i la g e  as the roughage source. 
Although i t  was not s ta te d  by the au tho rs , th is  could possib le  be due 
to  i n s u f f i c i e n t  vitamin A in take  in  the com  s i la g e  ra t io n s .
The Value of the Grain in Com Silage
Hemken e t  a l .  (45) reported  in  1971 on t r i a l s  with two v a r i e t i e s  
o f com to evaluate  the value of the g ra in  in  corn s i la g e .  The two 
v a r i e t i e s  were se lec ted  fo r  la rg e  d if fe ren ces  in grain  to  s ta lk  r a t i o .
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D igestion t r i a l s  with s te e rs  ind ica ted  only 2 to 3 percentage u n i ts  
d if fe rence  in d ig e s t ib le  energy conten t. In a subsequent t r i a l  with 
l a c ta t in g  cows, milk production was not s ig n i f ic a n t ly  a ffe c te d  by 
v a r ie ty .  However, in a comparison of s i lag e s  made with and without 
e a rs ,  production was lowered on the e a r le s s  s i la g e ,  even though addi­
t io n a l  concentrates were supplied to compensate fo r the grain  removed. 
This would tend to confirm the work o f Huffman and Duncan (50) who had re ­
ported tha t  the TDN from the g ra in  in s i la g e  i s  more valuable  fo r  milk
production than is  an equal amount of n u t r ie n ts  from forage.
Hillman (46), in  a 1969 symposium on supplementing corn s i la g e ,  
noted th a t  the dry m atter of normal corn s i la g e  i s  composed of approxi­
mately h a l f  roughage and h a l f  g ra in . Therefore , he s ta te d  th a t  heavy 
g ra in  supplementation should no t be needed on ra t io n s  composed p r in ­
c ip a l ly  of corn s i lag e .
Dunn e t  a l .  (29) reported  th a t  the g ra in  in com  s i la g e  was ju s t
as valuable  fo r  milk production as th a t  in  corn and cob meal. Their
work showed t o t a l  d ig e s t ib le  n u t r ie n t  (TDN) values fo r  com  s i la g e  and 
g ra in le s s  com  silage  to be 68.9% and 58.9%, re sp ec t iv e ly ,  they con­
cluded th a t  the grain content o f  corn s i la g e  should be taken in to  
account in supplementing the s i la g e  fo r  la c ta t in g  cows.
Urea Supplementation of Com Silage
Experiments concerning the use of urea in  com s i la g e  fo r  da iry  
c a t t l e  were reviewed by Huber e t  a l .  (49) in 1968. Factors a f fe c t in g  
the u t i l i z a t i o n  of urea by ruminants were reviewed by Chalupa (18) in 
the same year. Maximum u t i l i z a t i o n  o f u rea  appears to be dependent
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upon c o n tro l l in g  i t s  hydrolysis  to ammonia, and the id e n t i f i c a t io n  o f 
sp e c if ic  rumen microbial growth fac to rs  th a t  enhance i t s  conversion 
to m icrobial pro te in  (46).
As discussed by Coppock (22), the add ition  of a nonprotein n i ­
trogen (NPN) source such as urea to corn s i la g e  does much to a l l e v ia te  
the v a r ia b le  p ro te in  requirement o f l a c ta t in g  cows, as the lev e l  of 
milk production and the concomitant leve l o f  concentra te  consumption 
changes. However, as pointed out by Conrad and Hibbs (21), the s i la g e  
alone may not contain enough read ily  fermentable carbohydrate to pro­
vide fo r  maximum nitrogen u t i l i z a t i o n  of the NPN source. Huber _et a l . 
(49) reported  tha t  the cost advantages of u rea  plus an energy source 
over p lan t  p ro te in  supplements favored the maximum u t i l i z a t i o n  o f  urea. 
He found th a t  la c ta t in g  cows receiv ing  corn s i lag e  with 0.57. added urea, 
plus a 13% p ro te in  concen tra te , performed as well as cows receiv ing  un­
trea te d  corn s i lag e  with a 17 to 18% pro te in  concentra te . He a lso  re ­
ported th a t  on a sh o rt  term t r i a l ,  the productive performance of 
la c ta t in g  cows receiv ing  a s i la g e  containing 0.85% u rea  was equal to 
th a t  of animals receiving 0.5% u rea - t re a te d  s i la g e ,  o r s i lag e  with no 
urea . However, the animals receiv ing  0.85% u re a - t re a te d  s i lag e  were 
in severe negative n itrogen balance because o f  reduced p ro te in  d ig e s t i ­
b i l i t y  and increased leve ls  o f  u rinary  n itro gen . Hillman (46) summa­
rized  e ig h t  experiments from four experiment s ta t io n s  th a t  compared 
regu lar  com  s i lag e  with com s i lag e  plus 0.5% urea as the so le  sources 
o f roughage for la c ta t in g  cows. The average da ta  on dry m atter in take , 
concentra te  p ro te in  percen t, and performance a re  shown below:
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Silage  DM 
Intake
Concentrate Milk Milk
P ro te in  Production Fat
(kg/day) (%) (kg/day) (7.)
U rea-treated  
Corn Silage 7.1 13.0 20.3 3.7
Regular Com 
Silage 6.7 19.0 20.4 3.6
He concluded th a t  corn s i la g e  conta in ing  0.5% urea as ensiled  gives 
sa t is fac to ry  performance provided th a t  the t o ta l  NPN intake from the r a ­
tion does not exceed 0.045 kg urea  per 100 kg body weight. Urea, when 
added to s i la g e ,  can replace 20 to 30% of the vegetable  p ro te in  in the 
d ie t .  Lack of su l fu r ,  o ther  m inera ls , o r  c e r ta in  amino acids may l im i t  
u t i l i z a t i o n  of NPN (46).
Corn s i la g e  has been used as a source of roughage fo r  complete 
ra t io n s ,  with and without hay supplementation, and with o r without 
added urea (48, 69, 94). The r e s u l t s  o f  these t r i a l s ,  which have been 
previously discussed, have ind icated  s a t is f a c to ry  performance.
In the review by V illav icenc io  (103) and Rakes (83), i t  was noted 
th a t  complete ra t io n s  were normally fed ad lib itum  to a l l  cows, regard­
le s s  of lev e l  of production. Recently o ther  methods of feeding have 
been t r ie d  in  an e f f o r t  to improve e ff ic ie n cy .
Varying Energy Levels with Level o f  Production
In the work by Spahr and Harshbarger (94) c i te d  previously , cows 
were grouped in to  h igh, medium, and low production groups. Hie groups 
were fed ra t io n s  in  which energy lev e l  corresponded to production le v e l .
Methods o f Feeding Complete Rations
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I t  was determined th a t  the medium energy le v e l  ra t io n  was u t i l i z e d  more 
e f f i c i e n t ly ,  and re su lted  in the sm alles t decline  in  FCM production 
over 5 week p e riod s .
Frequency o f  Feeding
Martz e_t a l .  (63) reported in 1971 on a Missouri t r i a l  in which 
a complete ra t io n  containing corn s i la g e ,  a p e lle te d  u r e a - a l f a l f a  sup­
plement, and concentrate  was fed twice and four times d a i ly .  Urea and 
corn s i la g e ,  resp ec tive ly , made up 1.26 and 60% of to ta l  ra t io n  DM,
while t o ta l  ra t io n  composition was 14.2% crude p ro te in ,  15.7% crude 
f ib e r ,  and 67% TDN. Long a l f a l f a  hay was fed separa te ly  a t  the da ily
lev e l  of 1.36 kg per cow. Twenty H olste in  cows were used on the t r i a l  
fo r  120 days. Daily means fo r  2X and 4X feeding were: 16.0 and 14.5
kg DM; 17.5 and 18.7 kg FCM; and 3.5  and 1.6% milk f a t ,  re sp ec t iv e ly .
The authors concluded tha t  feeding a ra t io n  containing com s i la g e  and 
a urea supplement four times d a ily  did not have any advantage over 
twice d a ily  feeding when the ra t io n  was o ffered  ad lib itum  with no r e ­
s t r i c t i o n  on length o f time fo r  ea tin g .
S to t t  (99) reported in  1967 th a t  a la rge  Arizona da iry  herd was 
obtain ing  production leve ls  on a complete r a t io n  fed once d a ily  th a t  
were equal to those a t ta in e d  previously , when a conventional ra t io n  of 
com  s i la g e ,  a l f a l f a  hay, and concentra te  was fed twice d a ily .
R es tr ic ted  vs Ad Libitum Intake
Fosgate e t  aJL. (34) rec en t ly  reported  on th ree  systems o f feeding 
the same complete ra t io n  to l a c ta t in g  H olste in  cows. The ra t io n  used 
contained 65% concentra tion  and 35% roughage. The roughage sources and 
percent of t o t a l  r a t io n  dry m atter were: Coastal bermudagrass p e l le t s
(5%), cottonseed h u l ls  (20%), and soybean m il l  feed (10%). The t r i a l  
was run over a period of one year a t  the Northwest Georgia Branch
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Experiment S ta t io n .  Cows in  Group I  were r e s t r i c t e d  to 1.1 kg o f  com­
p le te  ra t io n  per kg o f  milk. The cows in  Groups I I  and I I I  were fed the 
ra t io n  ad lib i tu m , with animals removed from Group I I I  when th e i r  produc­
tion  dropped below 8.1 kg/day, or 22.7 kg/day, fo r  f i r s t  and subsequent 
l a c ta t io n s ,  resp ec t iv e ly .  Average number o f cows per treatment v a ried  
from 9 to 12. Daily means for dry m atter  in take (kg), milk production 
(kg), and milk f a t  (%) were: (I)  22.9, 21.0, 33.3; ( I I )  24.3, 20.3,
3.50; and ( I I I )  22.9, 23.1, 3.29, re sp ec t iv e ly .  S t a t i s t i c a l  an a ly s is  
o f the da ta  was not given. The authors concluded th a t  the high producing 
cows in Group I I I  were the most e f f i c ie n t  producers of milk. Although 
the cows in Group I I  produced more milk than Group I ,  they were le ss  
e f f i c i e n t .  The cows in Group I I I  had the lowest feed cost per u n i t  o f  
production and the h ig h es t  ne t re tu rn . This increased e ff ic ien cy  i s  to 
be expected, since the cows were removed from th is  group when they f e l l  
below a given, p rese lec ted  production leve l.
Milk Fat Depression
The l i t e r a t u r e  i s  rep le te  with observations on the depression of 
milk f a t  percentage when ra t io ns  containing high proportions of concen­
t r a te s  are  fed (8, 11, 26, 54). Van Soest (102) has discussed the meta­
bo lic  fac to rs  re la te d  to the depression o f f a t  percentage in milk. He 
a lso  ind ica ted  th a t  the high concentrate d ie ts  which depress f a t  percen t­
age a re  probably used less  e f f i c ie n t ly  than d ie t s  which produce a normal 
f a t  percentage. Rakes (83), in a review on complete r a t io n s ,  has in d i ­
cated th a t  milk f a t  percentage is  influenced both by the crude f ib e r ,  
o r roughage lev e l ,  in  the d ie t ,  and by the physical form o f  the roughage. 
These two fac to rs  w i l l  be discussed separa te ly  in the following se c t io n s .
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Minimum Roughage Level
The minimum roughage lev e l  needed fo r  normal milk f a t  production 
has been e s tab lished  as 30% by severa l workers (58, 60, 65, 75). Hie 
inclusion  o f  only 20% roughage in  a complete feed was shown to depress 
f a t  percentage by both Emery et: _al. (30) and Leighton and Rupel (60) . 
Putnam and Davis (81) noted no depression a t  the 25% roughage le v e l ,  
but the leve ls  o f milk production of the cows used in  the study were 
r e la t iv e ly  low. Several workers, including Drude £t al. (28), Ronning (BSD, 
and Welch and Maddux (1 0 9 ), have reported low f a t  percentages on ra t io n s  
containing 30% to 40% roughages. However, a review of th e i r  work in d i­
ca tes  th a t  the depression occurred with ra t io n s  con ta in ing  e i th e r  ground 
hay, pe lle ted  hay, o r  roughages'With small p a r t i c l e  s iz e ,  such as co tton­
seed h u l l s .  V il lav icenc io  (103) reported  milk f a t  percentages below 
3.0% on both a complete r a t io n  containing 30% chopped a l f a l f a  hay and 
on a conventional ra t io n  in which a l f a l f a  hay made up 30% of the d ie t .  
Crude f ib e r  percent was between 13 and 14.5% fo r  both ra t io n s .  However, 
the animals rece iv ing  these ra t io n s  were producing in  excess of 27 kg 
o f milk per day.
H olter e_t _al. (47) recen tly  reported  on a t r i a l  in  which f a t  t e s t  
on H olsteins was maintained above 3.3% using  ra t io n s  th a t  contained 40% 
corn s i la g e  and 60% co ncen tra tes .
Minimum Crude F iber Level
The minimum crude f ib e r  leve l  needed to support normal f a t  per­
cent has been reported  as 13 to 14% by Kesler and Spahr (5 5 ). In  a 
l a t e r  study Spahr e t  a l .  (93) ind icated  th a t  16% crude f ib e r  was needed 
fo r  maximum milk f a t  production. Hawkins (43) has reported  th a t  ra t io ns  
containing above 16% crude f ib e r  decreased milk production. Olson (75) 
and Hawkins (43) have both ind ica ted  th a t  the minimum roughage leve l
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in a  complete ra t io n  should be 30% and th a t  the crude f ib e r  percentage 
should be between 13 and 16%. Rakes ,et a l .  (84), in a recen t pub lica tion , 
recommends a minimum f ib e r  lev e l  of 15% when using low q u a l i ty  rough­
ages.
Physical Form of the Diet
Physical form of the roughage has been reported  as a fa c to r  in 
maintenance o f  milk f a t  percentage by Jorgenson £ t  al_. (54) . They 
ind ica ted  th a t  management p ra c t ic e s  which depress milk f a t  percent in ­
clude: (a) f ine  grinding of the roughage, (b) p e l le t in g  of the rough­
age or concentra te , and (c) r e s t r i c t i n g  roughage in take while feeding 
high leve ls  o f  concentra te . O’Dell £ t  a l .  (73) concluded th a t  the 
c r i t i c a l  grind s ize  in re la t io n  to milk f a t  depression was approximately 
.64 cm. The f a t  depressing e f f e c ts  o f grinding the roughage and p e l l e t ­
ing e i th e r  roughage or concentra te  have been confirmed by o ther workers 
(27, 72, 76). This e f f e c t  o f  physical form of the roughage on milk f a t  
percentage should be kept in  mind both when formulating complete ra t io n s ,  
and when evaluating  the e f fe c t  o f  roughage lev e l  and/or crude f ib e r  pe r­
centage o r milk f a t  percentage.
Drude e t  a l .  (28), in  a study c i te d  prev iously , obtained s i g n i f i ­
can tly  lower f a t  percentages and ECM production with ra t io n s  containing 
a l f a l f a  p e l l e t s  and c i t ru s  pulp, o r  a l f a l f a  p e l l e t s  and cottonseed h u l ls  
than with two ra t io n s  tha t  contained corn s i la g e  w ith e i th e r  a l f a l f a  
p e l le t s  o r c i t r u s  pulp. The crude f ib e r  percentages on a dry m atter 
basis  were 11.8 and 14.0% fo r the ra t io n s  conta in ing  corn s i la g e ;  13.1 
and 15.9% fo r  the two ra t io n s  with depressed f a t  percen t.
V illav icencio  (103) reported  on experiments with ra t io n s  con ta in­
ing 30.0% leve ls  o f  cottonseed h u l l ,  chopped a l f a l f a  hay, o r  chopped 
grass hay. Hie milk f a t  percentage of a l l  trea tm ents , except the chopped 
grass hay, was below 3.0%. The milk production on the chopped grass hay
29
r a t io n  was approximately 5 kg per day below the production lev e l  of cows 
on the o ther ra t io n s .  The crude f ib e r  percentage o f  a l l  ra t io n s  used in 
th is  study ranged from 13 to 14.5%.
Chalupa jet a l .  (19) reported on work done in  South Carolina in 
which the add itions  o f  small q u a n ti t ie s  of com s i la g e  o r long hay co r­
rec ted  milk f a t  depression caused by feeding p e l le te d  Coastal bermuda- 
g rass .  In these  s tud ies  com s i la g e  was added to the ra t io n  a t  1.4 kg
(B), or 2.8 kg (C), per day; o r  long Coastal bermudagrass hay (D) a t  
2.09 kg per day. The milk f a t  percentages obtained were: (A) 2.4 with
p e l l e t s  alone; (B) 3.4; (C) 4 .0 ; and (D) 4.1%. These data  confirm pre­
vious work by O'Dell .et a l .  (74) .
Animal Health
There i s  considerable disagreement in the l i t e r a t u r e  over the 
e f f e c t  o f complete ra t io n s  on animal h e a l th .  According to  Rakes (83), 
many o f  the h ea l th  problems reported with complete ra t io n s  have been 
with ra t io n s  containing high concentra te  le v e ls .  Rumen parakera to s is ,  
l i v e r  abscesses, and jo in t  s t i f f n e s s  have previously  been assoc ia ted  
w ith feeding to ruminants ra t io n s  th a t  contained e i th e r  small amounts 
of roughages o r  no roughages a t  a l l  (24, 41, 55, 56). Kesler and Spahr 
(55) encountered problems with b lo a t ,  d ig es tiv e  upsets  and general s t i f f ­
ness when d ie ta ry  f ib e r  was lowered to 9%. They concluded from a review 
of l i t e r a t u r e  th a t  d ie ta ry  f ib e r  should be a t  the level of 13 to 14% to 
maintain good h e a l th  in  la c ta t in g  cows. Welch and Maddux (109) reported 
some b loating  on a 40% roughage ra t io n  th a t  contained cottonseed hu lls  
and ground o r  p e lle te d  hay. Olson eta l. (76) a lso  reported th a t  a few cows
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bloated  on complete ra tions  containing 30% roughage in  the form of 
chopped or coarsely ground hay. V illav icencio  (103) reported lim ited 
problems w ith s t i f f n e s s  and b loating  of cows on ra t io n s  containing 30% 
chopped hay o r  cottonseed h u l l s .  In th is  t r i a l  one cow was removed 
from the r a t io n  containing 30% chopped a l f a l f a  hay because of a chronic 
b loa tin g  problem. V illav icencio  (103) s ta ted  th a t  a t  le a s t  p a r t  o f the 
s t i f f n e s s  observed was due to the type of s t a l l s  used fo r  the animals 
during the experiment. The above r e s u l t s  would seem to ind ica te  tha t 
both the physical form of the roughage and amount o f  roughage in  the 
d ie t  have an influence upon animal h e a l th .
Much o f  the work reviewed on complete ra t io n s  did not contain 
information on animal health  which would lead to the assumption th a t  no 
se rious  problems were encountered. Harshbarger (40) reported no health  
problems on complete ra t io n s  contain ing  ground hay and concentra tes. 
Larkin and Fosgate (57) reported th a t  animal h e a l th  was not a ffec ted  
by e i t h e r  confinement or group feeding of complete ra t io n s  containing 
cottonseed h u l l s  and Coastal bermudagrass p e l le t s  over a th ree-year  
period. Rakes _et a l .  (84) reported no adverse e f f e c t  on h ea lth  in a 
f i e ld  t r i a l  in  which the cows were fed a complete ra t io n  containing 41% 
ground corn cobs. S to t t  (99) reported  on data  from Arizona in which a 
700-cow herd was fed a complete ra t io n  without adverse e ffe c ts  on h e a l th .  
Brown a t  Al. (15) have reported on m u lt i la c ta t io n  s tud ies  in  which corn 
was fed as the sole source o f  roughage. No adverse e f f e c t  was noted on 
h e a l th  a f t e r  an iodine defic iency  in the com s i la g e  was correc ted .
Gaunt (36) reported in  1968 th a t  feeding high lev e ls  of corn 
s i la g e  was re la te d  to the increased incidence of l i s t e r i o s i s  and l e f t
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abomasal displacement. The condition  was more pronounced in h igh  pro­
ducing cows th a t  were consuming above average amounts o f  s i la g e  and 
concentra te . Robertson (88), in d iscuss ing  l e f t  abomasal displacement, 
noted th a t  the condition was more p reva len t in high producing cows. He 
a lso  s ta te d  th a t  high leve ls  of g ra in  feeding, e sp ec ia l ly  lead feeding 
during the l a s t  30 days of pregnancy, increased the incidence o f  d is ­
placement.
I t  would appear th a t  the involvement o f complete ra t io n s  with 
th is  syndrome of displaced abomasums would be with ra t io n s  th a t  had high 
concentra te  to roughage r a t io s .  Rations with corn s i l a g e  might a lso  be 
involved i f  g ra in  content of the s i la g e  was extremely high.
The Energy Value of Feeds
Methods of Expressing N u tr i t iv e  Value
In 1958, the National Research Council adopted a reso lu tio n  to 
use the c a lo r ie  system in  conjunction with the t o ta l  d ig e s t ib le  n u t r ie n t  
(TDN) system in describ ing  energy values fo r  feeds tu f f s  and animal re ­
quirements (39). As soon as s u f f i c i e n t  data  on the various energy com­
ponents of the c a lo r ie  system are  obtained , TDN w i l l  be dropped. Research 
workers have been urged to report  t h e i r  work in  the c a lo r ie  system (39). 
Among the advantages which the c a lo r ie  system has over TDN is  a more p re ­
c is e  evaluation  of the energy content o f forages (23). The system 
p a r t i t io n s  energy sequencially , according to  u t i l i z a t i o n ,  in to : gross
energy (GE), apparent d ig e s t ib le  energy (DE), metabolizable energy (ME), 
and n e t  energy (NE) (39). Net energy may be fu r th e r  subdivided
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according to i t s  physio logical use, i . e . ,  NE fo r  maintenance, NE fo r  
growth, or NE fo r  la c ta t io n .
Gross Energy is  the sim plest of the energy determ inations. I t  
i s  simply an expression of the to ta l  p o te n t ia l  energy o f a fe e d s tu f f ,  
as determined by i t s  oxidation in a bomb ca lo rim ete r  (64). Hawkins 
(43) has ind icated  th a t  use of a bomb ca lo rim e te r  to  measure energy 
values is  e f fe c t iv e  in reducing the c o e f f ic ie n t  o f  v a r i a b i l i ty  in b io ­
lo g ic a l  experiments. The determination of gross energy values, although 
time consuming, is  w ith in  the c a p a b i l i t i e s  of most workers doing n u t r i ­
t io n  research .
Apparent d ig e s t ib le  energy is  the f i r s t  s tep  in  p a r t i t io n in g  the 
gross energy in take in to  a f rac t io n  th a t  measures energy a v a i la b le  fo r  
physio log ical functions. DE is  determined by su b tra c t in g  the heat of 
combustion o f feces, o r feca l  energy (FE), from GE intake (23). An 
estim ate o f FE can a lso  be obtained by the in d i r e c t  method which uses 
gross c a lo r ic  fac to rs  of 4.15 fo r  carbohydrates, 9.40 for f a t  and 5.65 
fo r  p ro te in . However, the use of these c a lo r ic  fac to rs  should be avoided 
wherever poss ib le ,  as they were obtained with average human d i e t s .  Norm­
a l l y ,  DE is  determined e i th e r  by to ta l  fec a l  c o l le c t io n ,  o r use of in d i ­
ca to rs  such as chromic oxide (64). To use the l a t t e r  method requires  
th a t  c e r ta in  im p lic i t  assumptions be made about the uniformity of ra te  
o f passage of in g e s t ia  through the g a s t r o - in te s t in a l  t r a c t .  Recent r e ­
ports  would ind ica te  th a t  these assumptions may not be v a lid  fo r  a l l  
ing red ien ts  o f a complete ra t io n  (16).
Although DE has some inaccuracies , the most notable o f  which are  
the fa i lu re s  to account fo r  u rinary  losses , and fo r  gaseous losses
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from the rumen, i t  is  s t i l l  more accura te  than TDN. Overman and Gaines 
(77) advocated i t s  use as a b e t t e r  measure to determine the n u t r i t iv e  
value of feeds tu ffs  than the commonly used TDN system as e a r ly  as 1933.
M etabolizable and Net Energy
Although ME and NE are  more accura te  than DE as measures of the 
energy av a i la b le  for physio log ica l functions, e sp ec ia l ly  those of pro­
duction, th e i r  determination i s  beyond the scope o f  most research  in ­
s t i t u t i o n s ,  as large animal ca lo rim etry  is  involved (64). Formulas 
have been postu la ted  by Moe and F l a t t  (67) fo r  conversion o f  TDN or DE 
values to ME or NE. However, even with these formulas , an accurate  
determ ination o f ME and NE values is  fu r th e r  complicated by the fa c t  
th a t  both the ME and the NE value of a feed depends upon whether i t  i s  
used fo r  maintenance, growth, fa t te n in g  or milk production (67).
E ffic iency  of Energy U t i l iz a t io n
As defined by Baumgart (10), e ff ic ie n cy  is  the proportion of input 
which is  recovered as a "usefu l"  product. Measures o f e ff ic ie n cy  have
been fu r th e r  p a r t i t io n e d  by Brody (13) in to  gross and net e f f ic ie n c y ,
. _ milk c a lo r ie s  produced ____  ^ . _
® ^ d ig e s t ib le  feed c a lo r ie s  consumed
pression  does not remove the fixed  maintenance change or take in to  ac­
count any changes in body weight. However, F la t t  (32) has pointed out 
th a t  c o rre c t io n  fo r  e i th e r  maintenance o r body weight changes involves 
some c r i t i c a l  assumptions regarding the c a lo r ic  charges ap p licab le  to a 
sp e c i f ic  animal. Without calorim etry  and n itrogen balance, these assump­
tions  can prove very erroneous, e sp e c ia l ly  on short-term  t r i a l s  (22, 32).
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Therefore, some measure o f gross e ff ic ie n cy ,  such as th a t  postu la ted  
by Baumgart (10), would seem appropria te .
The E ffec t  of Level of Intake
I t  has been e s tab lished  by Reid £ t  a l .  (87) th a t  d ig es t iv e  e f f i ­
ciency is  a ffec ted  by level o f in take. Increased leve l o f  feed in take 
may cause depression of d i g e s t i b i l i t y  and th is  e f f e c t  is  more pronounced 
on h ig h -g ra in , mixed d ie t s  than on a l l  forage d ie ts  (14). I f  the d ig es­
t i b i l i t y  t r i a l  is  determined a t  the lev e l  of in take  app licab le  to the
e ff ic ie n cy  t r i a l  and th is  value i s  used in  the e ff ic ien cy  formula, any
depression in d i g e s t i b i l i t y  due to high in take  w i l l  not r e s u l t  in
lowered gross e ff ic ien cy  (10). However, i f  d i g e s t i b i l i t y  i s  determined 
a t  maintenance le v e ls ,  or i f  tab u la r  values a re  used, the estim ates of 
gross e ff ic ie n cy  made fo r  high producing cows may be erroneously low 
because of the depressing e f f e c t  o f  high in take on d i g e s t i b i l i t y  (10).
From the data  c i ted  above, i t  would seem more d e s ira b le  to measure 
both d i g e s t i b i l i t y  and e ff ic ie n cy  of energy u t i l i z a t i o n  with the animals 
used in  a sp e c if ic  study, than to make these determ inations with f i s t u -  
la te d  animals, s t e e r s ,  o r sheep. Also, s ince  the formulas fo r  ex trapo la ­
t in g  d ig e s t ib le  energy to net energy are c u rre n t ly  under sc ru t in y ,  and 
are p e r io d ica l ly  re f in e d ,  i t  would seem d e s ira b le  to rep o r t  the measures 
of feed u t i l i z a t i o n  in  terms o f  values observed, i . e . ,  d ig e s t ib le  energy 
or proximate a n a ly s is .  Other workers, reviewing these d a ta  a t  a l a t e r  
d a te ,  may then use the formula o f  th e i r  choosing to convert these da ta  
to the energy value in  .which they are in te re s te d .
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Labor E ffic iency
While the labor-saving p o te n t ia l  of complete ra t io n s  has been 
discussed by severa l workers (9, 43, 75, 97, 105), vdry few p rec ise  
measurements are  a v a i la b le .  F ie ld  da ta  have been the primary source 
o f  information. Rakes (83) reported a d e f in i te  advantage with respec t 
to labor u t i l i z a t i o n  fo r  a t r i a l  comparing a complete ra t io n  to a con­
ven tional ra t ion  in  which cows were fed concentra tes in the milking 
p a r lo r  and a t  the feed bunk. The conventional ra t io n  u t i l i z e d  corn 
s i la g e  and/or pas tu re ,  as a v a i la b le ,  fo r roughage. S to t t  (99) reported  
th a t  feeding time fo r  a 700-cow herd in Arizona was reduced from 20 man- 
hours per day, when feeding hay and s i la g e ,  to approximately 3 man-hours 
per day with a complete ra t io n  fed once d a ily .  This did not take in to  
account the labor formerly expended to feed concentra tes while the cows 
were being milked. Stoddard (97), in h is  repo rt  on s tu d ies  with group 
feeding o f  cows, ind ica ted  tha t  labor savings could be a t ta in e d  by r e ­
moving concentra te  feeding from the milking p a r lo r .  In the s tud ies  
which he reported , the cows were group-fed concentra tes on top of the 
roughage in feed bunks. The primary labor-saving rea l iz ed  was a r e ­
duction in  milking time due to removal of the feeding operation from 
the milking opera tion . A dditional time was a lso  saved by not having to 
wait fo r  high producers to eat a l l  o f  the concentra te  a l lo t t e d  in  the 
milking p a r lo r ,  o r having to feed these cows a d d it io n a l  concentra tes 
elsewhere in the opera tion . No s p e c i f ic  estim ates o f time savings were 
ind ica ted .
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Economic Measurements
Information c i te d  in the previous sec tion  ind ica ted  th a t  one of 
the primary advantages o f complete, over conventional r a t io n s ,  was the 
p o te n t ia l  fo r  reducing labor c o s ts .  However, to  put these  cost reduc­
tions in th e i r  proper perspec tiv e , i t  would seem p e r t in e n t  to ga ther 
a d d it io n a l  information on the o v e r-a l l  impact o f complete ra t io n s  on
the economic fac to rs  th a t  a f f e c t  dairy  farm n e t  income.
Speicher and L a s s i te r  ( 9 5 ) , in a study o f  340 Michigan d a iry  farms, 
concluded th a t  s ize  o f  the opera tion , cropping program, and da iry  herd 
operation were of approximately equal importance in determining leve l 
of ne t income. Within the d a iry  farm opera tion  segment, income per 
$100 of feed expense accounted fo r  86% o f  the v a r ia t io n .
A lbright (2), in  rep o rtin g  on a study u t i l i z i n g  5-year c o s t  ac­
counting da ta  from 39 Los Angeles County dairy  farms, concluded th a t  
the most important management fac to rs  a f fe c t in g  net p r o f i t  were: pro­
duction c o s ts ,  t o ta l  opera tion  c o s ts ,  quan tity  o f  milk f a t  produced, 
and the p r ice  received fo r  m ilk f a t .  Herd s iz e ,  cows p e r  man, hours 
per cow, dry cow percentage, c u l l in g  percentage, investment per cow, 
and feeding e ff ic ie n c y  were of le s se r  importance. M il le r  e_t a l .  (66) 
recen tly  reported  on the a sso c ia tio n  among sev era l  conmonly used meas­
u res of economic e ff ic ie n cy  fo r  la c ta t in g  animals. They reported  tha t 
milk p r ice ,  feed p r ic e ,  and m ilk  y ie ld  were the most important fac to rs  
a f fe c t in g  income over feed c o s t ,  accounting fo r  60.0%, 12.3%, and 19.1% 
of the v a r ia t io n ,  re sp e c t iv e ly .  Feed p r ice  and FCM y ie ld  accounted for 
76.7% and 9.0% of the v a r ia t io n  in  feed cost p e r  u n i t  o f  production.
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I t  was a lso  reported th a t  high g rain  p r ice  was less  de tr im en ta l  to in ­
come over feed cost than was high forage p r ic e .  From these da ta , i t  
would seem advisable  to evaluate  the following economic information 
from experiments with complete ra t io n s :  (a) t o t a l  milk y ie ld ,  (b) FCM
y ie ld ,  (c) feed p r ice ,  (d) feed cost/kg  of production,and (e) milk 
p rice  as a ffec ted  by milk f a t  percent.
Leighton and Helm (59) reported d a ily  income over feed costs o f 
$1.36, $1.45, and $1.46 per cow fo r  a con tro l ra t io n ,  a complete ra t io n  
with 30% ground hay, and a complete ra t io n  containing 30% chopped hay, 
resp ec t iv e ly .  These da ta  were based on a p r ice  of $5.90 per 45.4 kg 
of FCM.
Rakes e t^al. (84) reported d a ily  income over feed cost o f $1.25 
and $1.41 per cow fo r  a  f i e ld  t r i a l  comparing a complete ra t io n  con­
ta in ing  corn cobs with a conventional ra t io n  of concentra te , s i lag e ,  
and/or pastu re . Costs were ad justed  for the ex tra  labor required to 
feed the conventional r a t io n .  These f igu res  are  based on a p rice  of 
$6.20 per 45.4 kg o f milk with the f a t  d i f f e r e n t i a l  of $ .06.
Fosgate e t  a l .  (34) reported  cost and re tu rn  da ta  in  terms of 
d o l la r s  per u n i t  o f  milk produced in a study conducted a t  a Georgia 
Branch Experiment S ta t io n .  They l i s t e d  income over feed co s t  figures 
of $3.78, $3 .63 ,and $4.28 per 45.4 kg of milk fo r  th ree  d i f f e r e n t  sy s­
tems o f  feeding the same complete ra t io n .  Conversion of these figures 
to d a ily  income over feed cos t  per cow gives values o f  $1.78, $1.72, 
and $2.42, fo r  the three  treatm ents . A p r ice  o f $6.75 per 45.4 kg o f 
3.5% FCM accounts fo r  a t  le a s t  p a r t  o f  the d if fe ren ce  between these 
data  and the two references c i te d  prev iously . The $2.42 f ig u re  i s  fo r  
a group o f cows th a t  were removed from the treatm ent when they f e l l
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below a given lev e l  o f production. Therefore, th i s  f igure  I s  not com­
parable  with da ta  obtained where no production minimums were e s tab l ish ed .
Summary of L i te ra tu re  Review
This l i t e r a t u r e  review has es tab lished  th a t  properly formulated 
complete ra t io n s  can be expected to perform on a comparable basis  with 
conventional ra t io n s  a t  levels  o f  milk production up to 25 o r  30 kg per 
day. However, there  i s  some ind ica tion  th a t  conventional ra t io n s  using 
corn s i la g e  as a roughage source may produce h igher d a ily  y ie ld s  when 
fed to high producing cows.
A number o f roughage sources have been evaluated in complete 
ra t io n s .  In genera l,  high q u a l i ty  roughages such as corn s i l a g e  and 
a l f a l f a  hay have b e t t e r  performance in terms of milk production than 
have low q u a li ty  roughages. However, the d if fe ren ces  are no t c le a r  
cut and considerable  controversy s t i l l  e x is t s  over whether o r not corn 
s i lag e  should be fed as the so le  source o f  roughage. High q u a l i ty  p e l ­
le ted  forages such as Coastal bermudagrass apparently  can be u t i l i z e d  
e f fe c t iv e ly  in a complete ra t io n  provided th a t  ad d it io n a l  forage,such 
as chopped hay o r  s i la g e ,  is  fed in a physica l form th a t  w i l l  prevent 
milk f a t  depression.
Roughage to g ra in  ra t io s  fo r  complete ra t io n s  are e s tab lished  
only w ith in  broad l im i ts .  As would>be expected, roughage q u a l i ty  w i l l  
a f f e c t  the optimum gra in  to roughage r a t i o .  There i s  some ind ica tio n  
th a t  an energy concentra tion  in  Meal per kg of dry m atter might be o f 
use in  determining the optimum r a t i o .  This area i s  e sp ec ia l ly  c r i t i c a l
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as there  appears to be a very f in e  l in e  separa ting  roughage to grain 
ra t io s  tha t  y ie ld  maximum milk production and those th a t  lead to milk 
f a t  depression.
A review o f  the da ta  on milk f a t  depression leads to the conclu­
sion th a t  complete r a t io n s ,  per se , do not r e s u l t  in lowered milk fa t  
percent o r animal hea lth  problems. However, they cannot overcome the 
problems encountered with h ea lth  and milk f a t  production when a l l  ra ­
tion components a re  ground or p e l le te d ,  or when extremely high levels  
of concentra te  a re  fed.
Several workers have ind ica ted  tha t  the use o f complete ra tions 
can save labor. However, since feed costs  per u n i t  o f  production have 
such a g rea t  impact on t o t a l  ne t  re tu rn s ,  more evaluation  is  needed on 
feed costs  and re tu rn s  over feed co s t  when using complete ra t io n s .
A review of the systems fo r  energy determ ination ind ica tes  a 
preference fo r  de term ination made using the c a lo r ie  system.
EXPERIMENTAL METHODS
Statement of the Problem
One of the newer developments in feeding d a iry  c a t t l e  concerns 
the  feeding o f blended o r  complete feed mixtures which conta in  both 
roughages and concentra tes . These mixtures are  normally s e l f - f e d  and 
a re  the only feed which the cow rece ives . The in te r e s t  in  th is  system 
of feeding has been prompted by: (a) i t s  adap ta tion  to mechanization,
(b) i t s  labor saving p o te n t ia l ,  (c) the problems o f  decreased milk f a t  
percen t associated  with high leve ls  o f  grain  feed ing , (d) the problems 
o f  a t ta in in g  adequate feed intake when cows are fed grain  in  a milking 
p a r lo r ,  and (e) the d e s i r a b i l i t y  of a t ta in in g  a uniform feed intake 
throughout a twenty-four hour period, e sp e c ia l ly  when NPN is  included 
in the  d ie t .
The ob jec tives  o f  the present in v e s t ig a t io n  were to : (a) evalu­
a te  u re a - t re a te d  com s i la g e  with and without added hay components as 
sources of roughage fo r  complete ra t io n s  fo r  d a iry  cows, (b) to compare 
the r e s u l t s  obtained w ith  those of a conventional ra t io n  in  terms of 
d ig e s t ib le  energy in tak e , milk production, milk composition, and e f f i ­
ciency of energy u t i l i z a t i o n ,  and (c) to evaluate  the d e s i r a b i l i t y  of 
using crude p ro te in  percen t, crude f ib e r  percen t, and percen t of energy 
from concentrates as the three parameters fo r form ulating complete 
ra t io n s  mixtures. Two secondary ob jec tives  were: (a) to  determine to ta l  
feed cost per kg. of production, and income over feed c o s t  fo r each
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r a t io n ,  and (b) to compare the r e s u l ts  of feeding complete ra t io n s  alone 
with feeding these ra t io n s  plus a l im ited  amount o f  medium to low qual­
i ty  long grass hay.
Experimental Design
This study u t i l i z e d  a 4 X 4 l a t i n  square design with a s p l i t - p l o t  
arrangement o f  treatm ents (by weeks) w ithin  each square (20 ) .  S ixteen 
H olste in  cows were assigned to four squares based on lev e l  o f  production, 
and four ra t io n s  were u t i l i z e d .  The following observations were made 
with the l a c ta t in g  cows to determine the e f fe c ts  o f  the ra t io n s :  (a)
feed in take, (b) r a t io n  composition, (c) ra t io n  d i g e s t i b i l i t y ,  (d) energy 
in take and feed e ff ic ie n cy  fo r  milk production, (e) milk production, (f) 
milk f a t ,  SNF, milk p ro te in ,  and lac tose  percentages, (g) f a t  corrected 
milk (FCM) and so l id s  corrected  milk (SCM) production, (h) body weight 
changes, ( i )  milk leucocyte count, ( j )  r a t io n  p a l a t a b i l i t y , and (k) 
general h e a l th  of the animals.
Rations Used
The ca lcu la ted  composition o f  the four ra t io n s  used is  shown in 
Table 1. Since moisture content va ried  among c o n s t i tu e n ts ,  a l l  ra t io n s  
were f i r s t  ca lcu la ted  on a dry m atter b a s is .  Dry m atter  percentage o f 
each component was used to c a lc u la te  the amount needed on a "as fed” 
b a s is .  In the case of s i la g e ,  average dry m atter  fo r  the previous three  
day period was used to determine the weight o f  s i la g e  to be fed. For 
a l l  o ther  components, a standard dry m atter  percentage was used through­
out the study.
TABLE 1
Ingred ien ts  and Percentage Composition o f  Experimental Rations
Control Complete Ration
I I I I I I IV

















Ground Yellow Corn (US #2) 43.2 30.0 38.8 21.2 41.6 28.4 39.0 27.2
Soybean Oil Meal (44%) 9.8 6.8 10.8 5.9 9.3 6.3 14.0 9.7
Steamed Bone Meal 1.2 .8 1.1 .6 1.1 .7 1.2 .8
Granulated S a l t .6 .4 .6 .3 .6 .4 .6 .4
Tota l Concentrate 54.8 38.0 51.3 28.0 52.6 35.8 54.8 38.1
Corn S ilage  with 0.6% added 
Urea 26.0 48.7 48.7 72.0 27.7 50.9 26.0 48.8
A lfa lfa  Hay 19.2 13.3
Coastal Bermudagrass P e l le t s 19.7 13.3
Native Grass Hay 2J 19.2 13.1
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Vitamin A - IU/kg Dry M atter 2500 2500 2500 2500
Vitamin D - IU/kg Dry M atter 1250 1250 1250 1250
1/ As Fed values were c a lcu la te d  assuming 33% Dry Matter S ilage .
2 /  Native Grass Hay was fed as long hay separa te  from Complete Ration IV.
The ra tio n s  were ca lcu la ted  so as to be iso c a lo r ic  and is o n i tro -  
genous. The con tro l ra t io n , which was fed as separa te  components in  
a conventional manner, was formulated so as to supply approxim ately 
60% of the ca lcu la ted  d ig e s tib le  energy (DE) from co n cen tra tes . Hie 
roughage portion  o f the ra tio n  was p a r ti tio n e d  on a dry m atter b a s is  
in to  657« s ilag e  and 35% a l f a l f a  hay. The o th e r th ree  ra tio n s  were then 
form ulated so as to supply approxim ately the same percentage o f ca lcu ­
la ted  d ig e s tib le  energy from the concen tra te  po rtion  o f the ra t io n s .
Due to  the varying energy content o f the roughages used, i t  was no t 
poss ib le  to keep the ra tio n s  iso c a lo r ic  and have exac tly  the same pro­
po rtion  of d ig e s tib le  energy coming from concen tra tes in each ra t io n . 
The v a r ia tio n  was from 54.9% fo r ra tio n  I I  to  61.8% fo r ra tio n  IV.
A ll  r a t io n s  were form ulated  to c o n ta in  16 to  17% crude p r o te in ,  
13.5 to  14% crude f i b e r  and 3.25 to 3.50 Mcal/kg o f  d i g e s t i b l e  energy. 
Crude p ro te in  pe rcen t was s e t  a t  t h i s  l e v e l ,  which i s  above the  le v e l  
recommended by most o th e r  workers fo r  two reasons (43,58 , 75 ,84 ) • 
F i r s t ,  i t  was d e s ire d  t h a t  p ro te in  pe rcen t n o t be a l im i t in g  f a c to r  in  
performance on these  r a t io n s  s in c e  d i f f e r e n t  le v e ls  o f  p ro te in  were no t 
being  te s te d .  A d d i t io n a l ly ,  o th e r  workers a t  th is  s t a t i o n  p rev io u s ly  
have noted th a t  average ta b u la r  v a lu es  fo r  f e e d s tu f f s  o f te n  o v e r e s t i ­
mate the crude p ro te in  co n ten t  and u nderes tim ate  the crude f ib e r  p e r ­
centage o f  lo c a l ly  grown forages ( 1 ,31 ,38  ,103) . Crude f i b e r  was 
s e t  a t  the lower l im i t s  o f  the range recommended by o th e t  workers in  • 
o rd e r  to  keep c a lc u la te d  d i g e s t i b l e  en ergy  of. the r a t io n s  above, 3,. 25 
Mcal/kg. I t  was a lso  assumed th a t  us ing  average .composition v a lu es  .
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probably would underestim ate the crude f ib e r  percentage o f  the roughages 
used, e sp ec ia lly  corn s ila g e  and n a tiv e  g rass hay (43 ,75 ,84 ,93 ) .
The concentrate  p o rtion  of a l l  ra tio n s  contained ground yellow 
com , soybean o i l  meal, steamed bone meal, s a l t ,  and vitam in A a t  the 
le v e ls  shown in Table 1. The u re a - tre a te d  com  s ila g e  used in  a l l  
ra tio n s  had urea (42%N) added a t  time of e n s ilin g  a t  the ra te  o f 0.67, 
of the wet weight o f the green m a te r ia l. Urea was added to the  top 
o f the se lf-un load ing  wagons a t  the s i lo  and the mixing ac tio n  o f the 
wagon unloading mechanism p lus the s ila g e  blower and d is t r ib u to r  were 
re l ie d  on to mix i t  with the s i la g e . Ihe s i la g e ,  which was harvested  
in  the medium to hard dent stage o f m atu rity , was chopped w ith a f ie ld  
h a rv e s te r  to  a th e o re tic a l  cu t of 1 .9  cm, and sto red  in  a concrete  
s tave  s i lo ,  18 f t  X 35 f t .  S ilage dry  m atter varied  from 33% to 35% 
throughout the t r i a l .  A minimum o f 3 inches o f s ila g e  was removed 
d a ily  during the study to  in su re  th a t  s ilag e  q u a lity  was m aintained, 
and th a t dry m atter remained r e la t iv e ly  constan t.
The Coastal bermudagrass p e l le t s  (8.25 mm in diam eter) were 
purchased in  one lo t  from a vendor in  the s t a te  of Louisiana. A ll 
p e l le ts  were taken from the same sto rage  bin a t  one time to in su re  
th a t  v a r ia b i l i ty  was minimized. The grass hay u t i l iz e d  was n a tiv e  
g rass hay harvested  a t  the LSU Dairy Farm. This hay rep resen ted  one 
c u ttin g  from a s in g le  16-acre f ie ld .  I t  was harvested  in the mature 
stage  o f growth, cured and baled w ithout r a in f a l l  during  the month of 
August, and was considered to  be o f f a i r  q u a li ty . The f ie ld  used was 
a permanent pastu re  con ta in ing  a m ixture of g rasses in  which D a llis -  
g rass and Common bermudagrass predominated. This p astu re  had no t been 
grazed fo r a t  le a s t  s ix  weeks p r io r  to  h a rv est of the hay.
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The a l f a l f a  hay u t i l iz e d  was purchased on a co n trac t by the LSU 
Dairy Science Department specify ing  USDA #1 hay. This hay was grown and 
harvested  in Oklahoma and delivered  in truckload lo ts .  The hay u t i l iz e d  
rep resen ted  th ree  truckload d e liv e r ie s  of s im ila r  q u a lity . An attem pt 
was made to s e le c t  bales o f uniform co lo r, le a f in e s s , and stem s iz e  as 
the hay was removed from the bam .
Table 2 shows the average chemical composition o f a l l  r a t io n  com­
ponents th a t were used to form ulate the ra t io n s . Values obtained from 
the N ational Research Council (NRC) tab les o f feed composition were used 
fo r a l l  concen tra te  components and the a l f a l f a  hay ( 7 0 ) .  These va lues, 
co rrec ted  for the ad d itio n  of 0.6% u rea , were also  used for the com  
s i la g e . Estim ates fo r the Coastal bermudagrass p e l le ts  and n a tiv e  grass 
hay were made using data  obtained over a two-year period  by the L ouisi­
ana Big "Q" Forage T esting  Program ( 5  ) .  Inform ation as to guaranteed 
an a ly sis  supplied by the vendor of the Coastal bermudagrass p e l le t s  was 
a lso  used (110) .
The concen tra te  p o rtio n  of each ra tio n  was mixed in a 454 kg 
ba tch , using  a Gehl model 115 MX M ixall ( 37), and s to red  in covered 55- 
gallon  b a rre ls  u n t i l  used. The C oastal bermudagrass p e lle ts  were added 
to  Ration I I I  a t  th is  time. The sh e lled  corn used was ground in  the 
hammermill on the mixer using  a screen  with 8.25 mm diam eter h o le s . A 
vitam in A and D supplement contain ing  10,000 IU of v itam in A and 5,000 
IU of vitam in D per gram was added to  each ra tio n  a t  a  leve l to  supple­
ment the to ta l  ra tio n  with 2500 IU o f  vitam in A per kg o f dry m atter. 
Soybean o i l  meal was used as a c a r r i e r  fo r the supplement. Formulas
TABLE 2
Feed Composition Values Used to  Formulate R ations 1/
Dry M atter Basis













D ig e s tib le
Energy
(Mcal/kg)
No. 2 Yellow Com 4-02-931 89 10.0 2.2 4.012
Soybean O il Meal (44%) 5-04-604 89 51.5 6.7 3.571
Corn S ilage  with 0.6% Urea 
Added z J
3-08-153 33 15.6 24.4 3.086
A lfa lfa  Hay 1-00-063 89.2 17.1 30.9 2.557
C oastal Bermudagrass P e l le ts  2 / 90 15.6 28.9 2.333
N ative Grass Hay hJ 91 8.9 30.0 2.156
1/ Values w ith NRC Reference Number shown were taken from Table 4 , NRC P u b lica tio n  No. 13V 9 ( 7 1 ).
2f NRC value fo r com  s ila g e  co rrec ted  fo r  a d d itio n  o f  0.6% Urea a t  time o f e n s i le .
3 / Composition estim ated  using  average values from Louisiana Big Q Forage T esting  program and p rox i­
mate a n a ly s is  supplied  by vendor.
4 / Composition estim ated using  average values from L ouisiana Big Q Forage te s t in g  program ( 5  ) .
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were ad justed  fo r the amount o f soybean o i l  meal in  the vitam in premix. 
This premix was prepared in the labo ra to ry  and weighed out in  the 
amount needed fo r  a 454 kg mix o f each ra t io n .
S ilage  was removed from the  s i lo  twice d a ily  a t  time o f feed ing . 
The s i la g e  and concentra te  were weighed ou t in batches la rg e  enough to  
feed a l l  four cows on each ra tio n  and then mixed w ith a shovel in a con­
c re te  f lo o r  mixing box constructed  for th is  purpose. The mixing box 
was swept out between ba tches.
Assignment of Animals
Six teen  high-producing H o lste in  cows from the LSU Dairy Herd were 
se lec ted  fo r  the study. These anim als were a l l  in  second o r subsequent 
la c ta tio n s , and they ranged from three to nine years o f age. The a n i ­
mals ranged from 43 to 110 days post-partum  a t  the in i t i a t io n  of the 
study. P ro jec ted  305-day M.E. production was computed on a l l  anim als, 
and they were assigned to  one o f four l a t in  squares based on lev e l o f  
production. The group o f four anim als assigned to square number 1 be­
came a v a ila b le  four weeks (one period) e a r l i e r  than animals used fo r  
the o th er jthree squares. The assignment o f  cows w ith in  squares, the 
assignment o f trea tm en ts , and the random ization of columns, rows, and 
treatm ents were done according to the procedures described  by Cochran 
and Cox (20). The assignment o f animals and treatm ents is  summarized 
in Table 3. As shown in th is  ta b le ,  there were a c tu a lly  f iv e  feeding 
periods due to the staggered s ta r t in g  d a te s . Calving d a te s , age and 
pro jected  2X 305-day M.E. production are shown in Table 4.
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TABLE 3





1 2 3 4 5
Experimental Period
1 2 3 4
1 1 566 I I I I I I IV
2 768 IV I I I I I I
3 779 I I I I IV I I
4 729 I IV I I I I I
Experimental Period
1 2 3 4
2 1 562 I I I I I IV I
2 643 I I I IV I I I
3 723 IV I I I I I I
4 772 I I I I I I IV
3 1 641 I I IV I I I I
2 657 I I I I IV I I
3 726 I I I I I I IV
4 800 IV I I I I I I
4 1 605 I I I I I I IV
2 642 I I I I IV I I
3 656 IV I I I I I I
4 757 I I IV I I I I
I  -  Ration I  - Control - Concentrates, corn s i la g e , and a l f a l f a  hay 
fed se p a ra te ly .
I I  - Ration I I  - Concentrates and corn s ila g e  fed as a complete ra t io n .
I l l  - Ration I I I  - C oncentrates, corn s ila g e  and C oastal bermudagrass 
p e l le ts  fed as a complete ra t io n .
IV - Ration IV - Concentrates and com  s ila g e  fed as a complete ra tio n  
plus n a tiv e  g rass hay fed se p a ra te ly .
49
TABLE 4
Age, Stage o f  L ac ta tion , and P ro jected  Milk Production o f  the Experi­









2X - 305 M.E. 
P ro jec ted  Milk 
Production (kg)
1 566 10- 1-59 99 7,077
729 3-31-64 98 6,895
768 12-23-64 104 7,151
779 2-14-65 107 5,411
2 562 4-26-59 67 8,714
643 3-14-62 56 8,970
723 12-24-63 71 7,742
772 1-10-65 69 7,610
3 641 2-13-62 46 7,608
657 6-30-62 54 7,412
726 12-30-63 93 6,880
800 10- 4-65 43 7,428
4 605 1- 2-61 40 6,161
642 2-24-62 81 6,830
656 6-22-62 40 6,746
757 11-16-64 65 5,100
a /  P ro jec tio n  o f 2X - 305 ME production made one week p r io r  to in i  
t ia t io n  o f Period 1 fo r  each square.
b /  Number of days in  m ilk a t  the beginning of Period 1.
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Duration o f the Experiment
This study was divided in to  four periods o f  four weeks each, 
g iv ing  a to ta l  of s ix tee n  weeks fo r each group o f anim als. The f i r s t  
week o f each period was used as an adjustm ent o r change-over period .
The second, th ird  and fourth  weeks were experim ental weeks during which 
d a ta  were c o lle c te d , except fo r d ig e s t ib i l i ty  determ inations and body 
weight changes which were measured only during the  fourth  week of each 
period . The in i t i a t io n  dates o f th is  study were November 29, 1968 for 
square 1; and December 27, 1968 fo r squares 2, 3, and 4. Termination 
da tes were March 13 and A pril 10, 1969 fo r the re sp ec tiv e  squares.
Management
The cows were kep t in in d iv id u a l t i e  s t a l l s  under one end o f  a 
p a r t i a l ly  opened barn. These s t a l l s  were converted 4 f t  X 7 f t  f re e  
s t a l l s  to which had been added in d iv id u a l feed mangers, w ater cups, and 
t i e  chains. The s t a l l s  had concrete  f lo o rs . Unwashed f i l l  sand, ap­
proxim ately s ix  Inches deep, was used fo r  bedding m a te ria l on top of 
the concrete . The barn  was closed  on the north and e as t s ides and open 
on the  south and west s id e s . The cows were confined to the  t i e  s t a l l s  
except during m ilking (4:30 A.M. and 3:30 P.M.) and during two d a ily  
ex erc ise  periods (5:30 - 8:30 A.M. and 11:30 A.M. - 3:00 P.M .). During 
the exerc ise  period they were turned loose in a lo t  approxim ately one 
acre  in  s iz e . Manure was removed from the s t a l l s  three to  four times 
d a ily .  The barn was cleaned tw ice d a ily  during the  ex erc ise  periods , 
and fresh  sand was added to the  s t a l l s  as needed every morning. Feed 
mangers and w ater cups were a lso  thoroughly cleaned each morning.
The animals had to walk approxim ately 300 meters to and from the 
m ilking p a r lo r . They were milked p r io r  to the r e s t  of the  da iry  herd . 
This order o f  m ilking was chosen to in su re  th a t  the animals did not
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rece iv e  any concentrates th a t  might have been l e f t  by any previous a n i­
mal w hile being milked. Observation fo r e s tru s  was made p rim arily  du r­
ing the exerc ise  periods, and w hile the animals were moving to and from 
the m ilking p a rlo r . During these times the animals were a lso  checked 
fo r  lameness and any o th er physical impairments. Animals requ iring  
v e te r in a ry  treatm ents were trea te d  by the LSU V eterinarian  on h is  regu­
la r  d a ily  c l in ic  c a l l  to  the LSU Dairy Farm.
Feeding
The cows on the c o n tro l ra tio n  (Ration I) were fed concentra tes 
and s ila g e  sep ara te ly  in a d ivided feed manger twice d a ily . Feed was 
put out w hile the cows were out fo r exerc ise  and m ilk ing . One hour a f t e r  
they were brought back in to  the barn, any concen tra te  remaining was r e ­
moved and weighed. At th is  time the p rescribed  allowance o f a l f a l f a  hay 
was fed to the animals in  the po rtion  of the manger p reviously  used fo r  
co n cen tra te s . Orts o f s i la g e  and hay were removed and weighed once 
d a ily  in  the morning. P relim inary  work had in d ica ted  th a t s ila g e  was 
the le a s t  p a la ta b le  component o f Ration I ;  th e re fo re , i t  was fed ad l i b i ­
tum a t  a lev e l to achieve a minimum o r t  o f 10%. Concentrates were fed 
fo r  a th e o re tic a l  production requirem ent based on the previous week's 
production . Requirements were determined using the 1966 NRC requirem ent 
tab le s  (71). The amount o f  a l f a l f a  hay fed was v a ried  p ro p o rtio n a te ly  
w ith the amount o f concen tra tes fed in  an attem pt to  m aintain the r a t io  
o f in g red ien ts  c a lcu la ted  in  Table 1. The d ec is ion  to feed concentra tes 
and a l f a l f a  hay in th is  manner ra th e r  than in  a fixed  r a t io  to  s ilag e  
consumed was made in an attem pt to avoid any b ias th a t  might e x is t  i f  
lowered s i la g e  in take  decreased the o v e r-a ll  energy in take  on th is  ra t io n .
Rations XI and I I I  were mixed twice d a ily  as described prev iously  
and fed in  an undivided manger a t  a lev e l to  ob tain  a minimum 10%
re fu s a l .  Orts were removed d a ily  as described fo r Ration I . The s i ­
lage and concentra te  portion  o f Ration IV was mixed and fed in  a divided 
manger. Native g rass hay was fed in the o ther h a l f  o f th is  manger a t  a 
lev e l to achieve a minimum 10% re fu s a l. No attem pt was made to m aintain  
a fixed r a t io  between the consumption of g rass hay and the s ilag e -co n - 
c e n tra te  m ixture on th is  ra t io n  fo r the same reason c ite d  above fo r 
Ration I . Granulated s a l t  and steamed bone meal in  separa te  compart­
ments were a v a ila b le  fo r f re e  choice consumption in the ex erc ise  lo t .  
Water was a v a ila b le  both in  the exercise  lo t  and from in d iv id u a l d rin k ­
ing cups located in  each s t a l l .
C o llec tion  of Data
Feed Composition
D aily  samples o f s i la g e , hay, and complete ra tio n  m ixtures I I ,  
I I I ,  and IV were taken a t  the A.M. feeding fo r analy ses. One h a l f  of 
each sample contain ing  s i la g e , and the e n tire  hay sample, was d ried  in 
a  F ries drying oven a t  75 C fo r 24 hours to determ ine dry m atter p e r­
centage. The dry samples were composited weekly fo r  proximate analyses 
and energy determ inations. Hie proximate analyses o f the feeds were 
determined according to the procedures described by the A ssociation 
o f  O ff ic ia l  A g ricu ltu ra l Chemists (A.O.A.C.) (6 ) . Energy determ ina­
tio n s  were made by taking d u p lica te  samples o f  approxim ately one gram 
each, and burning them in a P arr ad iab a tic  bomb ca lo rim ete r to d e te r ­
mine gross energy content (80 ). These data were used to determine 
gross energy (GE) in take fo r  each period and to c a lc u la te  DE during 
the fourth  week o f each period . The remaining h a l f  o f each sample 
con ta in ing  s ila g e  was lab e led , placed in  a p la s t ic  bag, sea led , and
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frozen in a chest type fre e z e r  a t  -29 C. At the end o f  the experiment 
these frozen samples were thawed, composited on a weekly basis and 
used as wet samples fo r to ta l  n itrogen  determ ination by K jeldahl pro­
cedure ( 6 ) .  The data  from these samples were used to v e rify  th a t 
ammonia n itrogen  was not being lo s t  from the samples con ta in ing  urea- 
tre a te d  s ila g e  during the process o f drying to  determine dry m atter 
percentage.
Samples o f the concentra te  p o rtion  of R ation I  (Concentrate I) 
were taken d a ily  and composited weekly. Ihe weekly composite sample 
was d ried  fo r 24 hours as described  above fo r determ ination  o f dry 
m atte r percentage. Proximate analyses and energy determ inations were 
made as described above fo r the o th er ra tio n  components.
Daily samples of a l l  o r ts  were taken a t  the A.M. feeding. These 
samples were d ried  d a ily  as described above to determine dry m atter p e r­
centage. The dry samples were composited weekly for proximate a n a ly s is . 
The proximate analyses were used to v e rify  th a t  the o r ts  had e s s e n tia lly  
the same composition as the in g red ien ts  fed. The procedure used for 
sampling a l l  in g red ien ts  and o r ts  was to  take d u p lica te  grab samples 
of the in g red ien t from the allowance fo r  each animal (8 grab samples 
t o t a l ) . These grab samples were then thoroughly mixed and used to ob­
ta in  the f in a l  sample. P a r t ic u la r  a t te n t io n  was given in  sampling hay 
to  ob ta in  re p re se n ta tiv e  po rtions of stem and le a f .
Feed In take
The dry m a tte r  percentages o f a l l  in g red ien ts  except C oncentrate 
I  were determined d a ily , and were used to  a d ju s t the ”as fed” weights
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to a dry m atter b a s is . Likewise, the d a ily  dry m a tte r  percentages o f 
the o r ts  were used to a d ju s t them to a dry m atter b a s is . Dry m atter 
fed minus dry m atte r refused was recorded as d a ily  dry m atte r in tak e . 
For Concentrate I  the same computations were made using  the dry mat­
te r  percentage of the weekly composite. Gross energy (Mcal/kg) as 
determined from the weekly composites was used to determ ine d a ily  
gross energy in take  from d a ily  dry m atte r in take o f the cows assigned 
to  squares 3 and 4.
P a l a t a b i l i t y  o f  the Rations
P a l a t a b i l i t y  o f  the  r a t io n s  was ob ta ined  g e n e ra l ly  by v i s u a l  ob­
s e rv a t io n  o f  the in d iv id u a l  cows. Daily feed in ta k e ,  r a t e  o f  consump­
t io n ,  and d a i ly  r e fu s a l s  were a l s o  used as in d ices  o f  p a l a t a b i l i t y .
D i g e s t i b i l i t y  S tu d ies
Two cows per ra tio n  were used fo r  d ig e s t i b i l i t y  determ inations 
during the fourth  week of each period . These were the animals assigned 
to  squares 3 and 4 . D ig e s t ib i l i ty  was determined by to ta l  fec a l c o lle c ­
tio n  fo r  a 48-hour period . C o llec tion  bags and harnesses were used fo r  
th is  purpose. The bags were emptied a t four-hour in te rv a ls  and a tte n d ­
an ts  were kept on duty during the e n tire  48-hour c o lle c tio n  period to  
insure  th a t a l l  fe c a l m ate ria l was c o lle c te d . Total feces were weighed 
and d u p lica te  grab samples taken a t  each emptying o f the  bags. These 
grab samples were then composited fo r  the 48-hour period  and d ried  to  
determ ine dry m atte r percentage and to ta l  fe c a l dry m a tte r . D uplicate 
samples were burned in  a P a rr  a d ia b a tic  bomb ca lo rim e te r to determ ine
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f e c a l  energy (FE) and th i s  va lue  was used to  determ ine t o t a l  f e c a l  
energy. Apparent d ig e s t i b l e  energy in tak e  was c a lc u la te d  as GE i n ­
take minus FE. P ercen t d i g e s t i b l e  energy was c a lc u la te d  as
_ BE In take . (M e a l )
GE In tak e  (Meal)
During the 48-hour d ig es tio n  t r i a l s ,  in d iv id u a l feed samples of 
a l l  ing red ien ts  fed were c o lle c te d  fo r each cow in ad d itio n  to the 
d a ily  composite samples fo r  each ra t io n . These in d iv id u a l samples 
were d ried  and analyzed as described prev iously  fo r the ra tio n  samples. 
The data  thus obtained were used to determ ine the dry m atter and gross 
energy in take o f each cow on an ind iv idua l b a s is .
M ilk Production
Daily m ilk production was recorded a t  the time o f m ilking using 
Surge Kimax g lass r ig id  mount weighing devices (Surge P a rt No. 25177). 
These weighing devices were designed and in s ta l le d  to meet DHIA sp ec i­
f ic a tio n s  fo r o f f i c i a l  te s t in g  ( 9 1 ) .  C a lib ra tio n  and lev e lin g  was 
checked weekly according to procedures described  by the m anufacturer 
( 7 ) .  The A.M. and P.M. m ilk weights were used to determ ine to ta l  24- 
hour milk production, p lus A.M. and P.M. f a t  production . Total d a ily  
m ilk production was used in  the c a lc u la tio n  o f d a ily  4% FCM, SCM, 
so lid s -n o t f a t  (SNF), la c to se , and p ro te in  production. The c a lc u la ­
tio n  of 4% FCM was according to the formula presented by Gaines (35). 
SCM was ca lcu la ted  as described  by ly rre ll  and Reid (101).
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M ilk Composition
Milk samples were taken during the l a s t  two days o f weeks 2, 3, 
and 4 of each period . The samples were taken w ith DHIA approved f a t  
samplers fo r  the r ig id  mount weighing devides described above. Samples 
were taken according to  the DHIA approved procedures described  by the 
m anufacturer (7 ) .  Milk f a t  percent was determined on each of the 
fou r ind iv idua l samples taken. A.M. and P.M. f a t  percentage fig u res  
were ca lcu la ted  as a weighted (fo r  le v e l o f production) average o f  the 
two A.M. and two P.M. samples. Daily m ilk f a t  percent was ca lcu la ted  
as to ta l  f a t  (kg) /  to ta l  m ilk (kg) X 100. This was done to ob tain  
tru e  estim ates o f to ta l  m ilk f a t  production, 4% FCM production and SCM 
production . The four ind iv idua l m ilk samples were composited fo r  the 
determ ination  of m ilk p ro te in , lac to se , SNF, and leucocyte count.
Milk f a t  was determined by the Babcock procedure ( 6 )  m ilk pro­
te in  by the K jeldahl procedure ( 6 ) ;  la c to se  as described  in  Standard 
Methods ( 4 ) ;  SNF by the Gravometric method ( 6 ) ;  and m ilk leucocyte 
count by the D irec t Somatic C ell Count (DMSCC) as described in  S tand­
ard  Methods ( 3 ) .  D uplicate  samples were used fo r  each determ ination .
Body Weight and Body Weight Change
A ll animals were weighed for th ree  consecutive days p r io r  to  the 
in i t i a t io n  o f period 1 of the study. The average of these  th ree  weights 
was used as the i n i t i a l  weight o f the anim al. The animals were weighed 
again  on the l a s t  th ree  days o f the fou rth  week o f each period . The 
d iffe ren c e  between the average o f these th ree  w eights and the average 
weight a t  the end of the previous period was recorded as body weight
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change fo r  the period. A ll body w eights were taken immediately a f t e r  
the A.M. m ilking to minimize weight d iffe ren ces  due to  degree of f i l l .  
Both body weight and body weight change were recorded fo r each period .
Economic Data
The a c tu a l co st d a ta  of in g red ien ts  and the c u rren t m ilk p ric e  
were u t i l i z e d  to  compute feed c o s t per kg o f ra t io n  and income over 
feed c o s t .  Cost values more re p re se n ta tiv e  o f the  L ouisiana a g ric u ltu re  
community were a lso  used, as were c e r ta in  th e o re tic a l  cost f ig u res  used 
to determ ine economic im plica tions o f d i f f e re n t  ra tio n s  a t  varying in ­
g red ien t p r ic e s . No attem pt was made to measure labo r co sts  since  the 
labor inpu ts o f th is  study were a ty p ic a l o f those found on a commercial 
farm th a t  is  group feeding cows.
S t a t i s t i c a l  A nalysis
The an a ly s is  o f variance was computed according to the method 
of Snedecor (92) to  t e s t  the s ig n if ic a n c e  of any d iffe re n c e s  obtained 
with the  four ra t io n s . The follow ing c r i t e r i a  were te s te d : to ta l  dry
m atter in take; gross energy in take; d ig e s tib le  energy in tak e ; d ig e s tib le  
energy percen t; percent o f crude p ro te in  and of crude f ib e r  in s i la g e , 
hay, and complete ra tio n s ; percent of e ff ic ie n cy  o f energy u t i l i z a t io n ;  
a c tu a l m ilk  production; FCM production; SCM production; percentages of 
milk f a t ,  milk p ro te in , la c to se , and SNF; m ilk leucocyte count; and 
body w eight change.
C o rre la tio n s were determined and te s te d  between the various in ­
take param eters and the expressions of m ilk  production and milk
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composition measured. C o rre la tions among the various productive re ­
sponses were a lso  determined and te s te d .
The design of the experiment fo r  a l l  v a ria b le s  measured weekly 
was a la t in  square design w ith a s p l i t  p lo t arrangement o f treatm ents 
by weeks w ith in  each square. This design was u t i l iz e d  in  order to 
p a r t i t io n  period e ffe c ts  and animal (row) e f f e c ts ,  and to determ ine i f  
there  were any in te ra c tio n s  between time (weeks) and trea tm en ts . The 
sources of variance  were: squares, columns (periods) w ith in  squares,
rows (anim als) w ith in  squares, trea tm en ts , treatm ents X weeks, squares 
X weeks, and squares X treatm ents X weeks. With the exception o f ra ­
tio n s  X weeks, in te ra c tio n s  which were not s ig n if ic a n t  were pooled 
with the app rop ria te  e rro r  term for te s tin g  the o ther sources o f v a r i ­
ance.
For v a ria b le s  measured only during the fourth  week of each period 
the design was a la t in  square design. There was no s p l i t  p lo t arrange­
ment o f treatm ents fo r these v a r ia b le s , as they were measured only 
once per period . The sources o f variance were: squares, columns
w ith in  square, rows w ith in  square, trea tm en ts , and treatm ents X 
squares. The treatm ent X squares in te ra c tio n  was pooled with the e rro r  
term fo r te s tin g  the o th er sources o f variance  i f  i t  was not a s ig n i f i ­
cant in te ra c tio n .
No anim als were lo s t  from the experiment due to in ju ry  or d isease . 
T herefore, da ta  were obtained fo r  each v a ria b le  in  each c e l l .
A nalysis o f variance fo r  crude p ro te in  percentage and crude 
f ib e r  percentage o f s i la g e , a l f a l f a  hay, grass hay and the  th ree  complete
ra tio n  m ixtures was made using  a completely randomized design . Period 
e f fe c t  w ith th ree  observations (weeks) per period  was the only source 
of variance  te s te d . This an a ly sis  was made only to determ ine i f  there  
were v a ria tio n s  between periods of these two param eters in  the ra tio n s  
u t i l i z e d .  Standard d ev ia tio n s , standard e rro rs  and c o e f f ic ie n ts  o f 
v a r ia tio n  were a lso  computed to determine the magnitude of any s ig n i­
f ic a n t variance . The proximate an a ly sis  f ra c tio n s  of the o r ts  were 
not su b je c t to any s t a t i s t i c a l  a n a ly s is .
RESULTS AND DISCUSSION
Rations Used in  the  Study
The four ra tio n s  used in th is  study were form ulated to  be iso ­
c a lo r ic  and isonitrogenous with concen tra tes fu rn ish ing  approxim ately 
60% of the to ta l  d ig e s tib le  energy. Due to  the v a r ia tio n  in  dry m atter 
percentage of in g re d ie n ts , a l l  ra tio n s  were formulated on a dry m atter 
b a s is  using  the above c o n s tra in ts , and then converted to as fed values. 
C orrections fo r s ila g e  dry m atter were made twice weekly. Ration I  
consisted  o f  concen tra tes, corn s i la g e , and a l f a l f a  hay, fed sep a ra te ly ; 
Ration I I  contained a m ixture o f concen tra tes and corn s ila g e ; Ration 
I I I  a m ixture of concen tra tes, corn s i la g e , and C oastal bermudagrass 
p e l le ts ;  and Ration IV a m ixture o f concen tra tes and corn s i la g e , with 
n a tiv e  g rass hay fed sep a ra te ly .
Consumption o f  the R ations
Treatment means fo r  to ta l  dry m atter consumption a re  shown in  
Table 5. This ta b le  a lso  p a r t i t io n s  dry m atte r consumption in to  the 
percentage o f dry m atter provided by each o f the major in g red ien ts  in 
the  ra t io n . Hie percentages of dry m atter consumption by in g red ien t 
th a t  were c a lcu la te d  fo r  the cows on Rations I  and IV a re  shown in  paren­
theses beside the a c tu a l values consumed on both o f these ra t io n s , since 
these  anim als did not consume the in g red ien ts  in  the same proportions 




Average D ally Consumption of the  Experimental Rations
Ration
Component I 2./ I I I I I IV £ /
DM In take  (kg) 19.5 17.6 20.1 19.2
Concentrate DM (%) 57.4 (54.8) 51.3 52.6 62.2 (54.8)
Com S ilage  DM (%) 23.6 (26.0) 48.7 27.7 29.5 (26.0)
A lfa lfa  Hay DM (%) 19.0 (19.0)
C oastal Bermudagrass P e l le ts  DM (%) 19.7
Grass Hay DM (%) 8.3 (19.2)
a /  Values shown in  parentheses a re  cau lcu la ted  percentage values fo r 
Rations I  and IV.
p e rio d s , of d a ily  in take  of each of the ing red ien ts  fed sep ara te ly  in  
Ration I .  The same inform ation fo r Ration IV is  found in Appendix 
Table 2. Hie o v e r-a l l  treatm ent means from these appendix tab les  were 
used to c a lc u la te  the percentage values shown in Table 5 fo r  consumption 
of the separa te  in g red ien ts  fed in  Rations I and IV.
S ilage  consumption on Ration I was s l ig h t ly  lower than ca lcu la ted  
and concen tra te  consumption was h ig h e r. A lfa lfa  hay was consumed a t  
e s s e n t ia l ly  the same percentage as was c a lcu la te d . This re su lted  in  a 
s l ig h t ly  h igher p roportion  of energy being supplied by concentra tes 
than had been c a lcu la te d . The consumption of g rass hay on Ration IV 
was le s s  than h a l f  the lev e l c a lc u la te d . This re su lte d  in  an increased 
percentage consumption o f both s ila g e  and concentra te  dry m atter
62
with the g re a te s t  increase in  concen tra te  dry m atte r since  Ration IV 
was made up o f 67.8% concen tra te  and 32.2% s ila g e . Percentage consump­
tio n  o f concentra tes and roughage on Rations I I  and I I I  did not vary 
from the c a lcu la ted  values because these  ra tio n s  were fed as complete 
ra tio n  m ixtures, and composition was fixed ; thus, the animals could 
a l t e r  only to ta l  dry m atte r in take on these  two ra tio n s .
I t  is  possib le  th a t  the v a r ia tio n s  in the consumption of Ration 
I  components might be due to  the p a la ta b i l i ty  o f the u re a - tre a te d  s i ­
lage. I t  could a lso  be the r e s u l t  o f  s e le c tiv e  consumption of the low 
f ib e r ,  more h igh ly  d ig e s tib le  in g red ien ts  (concen tra te  and a l f a l f a  hay) 
in  th is  ra tio n . The fa i lu re  of the cows to  consume the quan tity  of 
grass hay ca lcu la ted  fo r Ration IV is  probably the r e s u l t  of the same 
phenomena. In th is  case, the d iffe ren c e s  were more pronounced, prob­
ably due to the low p ro te in  and high f ib e r  lev e ls  o f the g rass hay. 
S im ilar p a tte rn s  of reduced voluntary  consumption of high f ib e r  rough­
ages by d a iry  cows have been reported  by o ther workers (15, 22, 46 ).
In each period , the cows assigned to  Ration IV would consume the 
lev e l o f grass hay ca lcu la ted  (19.0% of to ta l  dry m atter) fo r the f i r s t  
th ree  to  four days of the change-over period . Consumption would then 
drop in  a period of two o r th ree  feedings to the lev e l shown in  Table 5, 
and remain a t  th is  lev e l throughout the r e s t  o f the experim ental period . 
This consumption p a tte rn  was p a r t ic u la r ly  pronounced on cows th a t  had 
received e ith e r  Ration I I  o r Ration I I I  during the previous period .
This same observation  on hay consumption was a lso  made on a group o f 
approximately 40 cows housed ad jacen t to  the experim ental anim als.
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These animals were receiv ing  com  s ila g e  as the so le  source o f roughage. 
The o r ts  o f both the complete ra tio n s  and hay from th is  study were being 
fed to these animals each morning. I t  was noted th a t  these cows had 
alm ost depraved a p p e tite s  fo r  the long hay re fu s a ls , and would e a t  them 
in  preference to  e ith e r  s i la g e  or the s ilag e -co n c en tra te  complete ra tio n  
m ix tures. At the suggestion of th is  worker, the herdsman added g rass  
hay s im ila r  to th a t  used in  th is  study to the d ie t  o f these anim als dur­
ing the l a s t  period of the study. The animals consumed r e la t iv e ly  large  
q u a n ti t ie s  o f th is  hay (2 .5  to 4 .0  kg per cow per day) fo r f iv e  days. 
Consumption o f the grass hay then dropped ab rup tly  to only 0.75 to  1.5 
kg per day and remained a t  th a t le v e l fo r the balance of the  time th a t 
g rass hay was fed . A fter the i n i t i a l  fiv e  day p e rio d , the anim als a lso  
became more s e le c tiv e  as to  q u a lity  of hay th a t they would consume. 
Although these observations a re  n e ith e r  p re c ise , nor can any s t a t i s t i c a l  
in ference  be drawn from them, they would seem to in d ic a te  the d e s i r a b i l ­
i ty  o f in v e s tig a tin g  the n u t r i t io n a l  and /or psychological s ig n if ic an c e  
o f including some grass or legume components, in  th e i r  n a tu ra l physical 
form, in  the ra t io n  of la c ta t in g  d a iry  anim als.
P a la ta b i l i ty  of the Rations
Based on levels of dry m atte r in tak e , and observations o f the 
consumption o f the experim ental ra t io n s , th e re  was l i t t l e  d iffe re n c e  in 
the p a la ta b i l i ty  o f the complete ra t io n s . Native g rass  hay was the 
le a s t  p a la ta b le  in d iv id u a l in g red ien t fed . The u re a - tre a te d  com  s ila g e  
was le ss  p a la ta b le  than the a l f a l f a  hay which was fed w ith i t .  Although
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le s s  to ta l  dry m atte r was consumed on complete Ration I I  than on the 
o th er ra t io n s , p a la ta b i l i ty  did not appear to be a major fa c to r . Rough­
age: grain  r a t io  (49:5l| was h igher fo r  th is  ra t io n  than fo r any o ther 
ra t io n , and i t  was a lso  the b u lk ie s t  o f the th ree  complete ra tio n  mix­
tu res  fed . Other workers (42, 107) have p rev iously  reported  th a t the 
amount o f bu lky-m aterial a ruminant w il l  consume can be lim ited  by the 
space a v a ila b le  in  the d ig es tiv e  t r a c t .  I f  consumption is  used as an 
index o f p a la ta b i l i ty ,  Ration I I I  was the most v a ria b le  in p a la ta b i l i ty .  
There was a tendency fo r some animals to overeat on th is  ra tio n  during 
the f i r s t  two to  th ree  days o f the change-over period . V a r ia b ili ty  of 
consumption on th is  ra tio n  continued throughout the experim ental pe riods.
Chemical A nalysis and Energy Content o f the Rations
Table 6 p resen ts  the chemical analyses and d ig e s tib le  energy 
values fo r the four ra tio n s  and fo r the ra tio n  in g red ien ts . Both the 
c a lcu la ted  values used fo r form ulating the ra tio n s  and the a c tu a l values 
determined from proximate analyses and d ig es tio n  t r i a l s  are  shown. The 
l a s t  item in the in g red ien t column labeled  S ilag e -co n cen tra te  IV is  the 
com  s ilag e -co n c en tra te  m ixture fed sep a ra te ly  from grass hay in  Ration 
IV.
The crude p ro te in  and crude f ib e r  percentages determined fo r the 
four experim ental ra tio n s  were: ( I )  16.9, 15.0; ( I I )  15.6, 17.2; ( I I I )
15.5, 16.9; and (IV) 16.6, 15.0, re sp e c tiv e ly . D ig estib le  energy lev e ls  
(Mcal/kg) were: (I)  2.79, ( I I )  2.62, ( I I I )  2 .34, and (IV) 2.74, re ­
sp e c tiv e ly . When comparing the c a lcu la ted  composition of ing red ien ts
TABLE 6
Chemical Composition and D ig e s tib le  Energy Content o f the Experim ental R ations and Ration In g red ien ts  —̂
Crude P ro te in Crude F iber DE b /
Component C alcu lated A ctual C alcu lated Actual C alculated A ctual
Ration
---------- %- -  -
I 16.9 16.9 13.9 13.3 3.37 2.79
I I 16.1 15.6 13.5 17.2 3.45 2.62
I I I 16.4 15.5 14.0 16.9 3.31 2.34
IV 17.0 16.6 13.9 15.0 3.26 2.74
Ind iv id u a l Ing red ien ts
Ground Corn 10.0 10.0 2.2 2.5 4.012 o f
Soybean Meal 51.5 50.6 6.7 7.1 3.571
Concentrate I 17.4 17.4 2.9 3.4 3.796
Com S ilage 15.6 11.9 24.4 28.4 3.086
A lfa lfa  Hay







Grass Hay 8.9 7.4 30.0 32.5 2.156
S ilag e -co n cen tra te  IV 19.0 17.4 10.1 13.4 3.496
a /  A ll values expressed on a dry m atte r b a s i s .
b j  D ig e s tib le  energy determined using  cows from squares 3 and 4 during  week 4 o f  each period , 
c / D ig e s tib le  energy was no t determ ined on in d iv id u a l in g re d ie n ts .
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w ith  those a c tu a lly  determined (Table 6 ) , c lose  agreements o f values 
a re  noted fo r  a l l  o f  the concentra te  in g red ien ts , fo r  Ration I ,  and fo r 
the  p ro te in  leve ls  o f Rations I I ,  I I I ,  and IV. C alculated  values from 
the  NRC Table (70) and average values from the Louisiana forage te s tin g  
re s u l ts  (5) overestim ated crude p ro te in  and underestim ated crude f ib e r  
fo r  a l l  o f  the  roughage ing red ien ts except the imported a l f a l f a  hay.
The a l f a l f a  hay was alm ost 4.0% h igher in  crude p ro te in  and 6.0% lower 
in  crude f ib e r  than had been estim ated . Although the complete ra tio n s  
d id  not prove to be isonitrogenous or is o c a lo r ic , the v a r ia tio n s  between 
ra tio n s  were r e la t iv e ly  sm all, being 1.4% fo r  crude p ro te in  and 0.45 
Mcal/kg fo r  DE. In a d d itio n , both tine crude p ro te in  percentage and the 
crude f ib e r  percentage of a l l  ra tio n s  a re  above the minimum leve ls  recom­
mended by o th e r  workers (33, 43, 58, 75), except fo r  the crude f ib e r  pe r­
centage o f Ration I ,  which is  s l ig h t ly  below the recommended minimum of 
14.0%. The v a r ia tio n  between the ca lcu la te d  and the a c tu a l composition 
o f  the roughage in g red ien ts  co n trib u ted  to the v a r ia tio n  in the composi­
tio n  of a l l  four r a t io n s .  The v a r ia tio n  in  the consumption p a tte rn  o f 
in g red ien ts  on Ration I  and Ration IV a lso  con tribu ted  to o v e r-a l l  v a r i ­
a b i l i ty .  However, s in ce  the cows on these two ra tio n s  consumed less o f 
the  high f ib e r  in g red ien ts , and more o f the low f ib e r  ing red ien ts  than 
planned, the  ac tu a l va lues fo r these two ra tio n s  a re  c lo se r  to the c a l­
cu la ted  values than a re  the a c tu a l values fo r  the o th e r  two ra tio n s .
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Ration V aria t io n  by P eriods
Appendix Table 3 shows the mean crude f ib e r  percentages and 
crude p ro te in  percentages of both the roughages and the complete ra tio n s  
fo r  a l l  f iv e  feeding periods o f the study. Hie an a ly sis  o f variance 
fo r  these two proximate fra c tio n s  is  presented in  Appendix Table 4 fo r 
the roughages, and in  Appendix Table 5 fo r the complete ra t io n s . V ari­
a tio n  between periods was small and not s ig n if ic a n t ly  d if fe re n t  fo r  
crude p ro te in  percentage. V aria tion  in the percentage o f crude f ib e r  
was g re a te r  than i t  was fo r p ro te in  percentage, bu t n o n -s ig n if ic an t 
except fo r  Ration I I  and Ration I I I .  Period means fo r the crude f ib e r  
percentages o f these two ra tio n s  and s i la g e  a re  shown in  Table 7.
TABLE 7
Crude F iber Percentage by Periods of Ration I I ,  Ration I I I ,  and S ilage
Feeding Period Means O ver-a ll
Ration 1 2 3 4 5 Mean
■ %- - ■ %
I I 16.7 14.8 18.2 19.9 16.6 17.2
I I I 16.1 15.4 16.9 18.6 17.7 16.9
S ilag e 28.7 26.7 28.9 30.2 27.6 28.4
S ilage  values were included in  th is  ta b le  because, although the 
d iffe ren ces  in  the period  means fo r s ila g e  a re  not s ig n if ic a n t ,  they 
follow  the same p a tte rn  of v a r ia tio n  as do R ations I I  and I I I .  Since 
both o f these ra tio n s  contained ra th e r  large  amounts o f s i la g e , one may
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assume th a t the v a ria tio n s  in  s ilag e  account fo r a t  le a s t  p a r t  of the 
v a r ia tio n  in the crude f ib e r  percentage o f R ations I I  and I I I .  To 
a id  in  the evaluation  of these  d iffe re n c e s , le a s t  s ig n if ic a n t  d i f f e r ­
ence values were ca lcu la ted  fo r  the crude f ib e r  percentages o f s i la g e , 
Ration I I ,  and Ration I I I .  Standard dev ia tio n s and the standard e rro rs  
o f the period means were a ls o  ca lcu la ted  and a re  shown in  Table 8.
TABLE 8
Least S ig n if ic a n t D ifference , Standard D eviations, and Standard E rro r 
fo r  Ration I I ,  Ration I I I ,  and Urea-Treated Com S ilage
S t a t i s t i c
R ation o r Ing red ien t
I I I I I S ilage
lsd  fU 2.72 (.05) 1.83 (.01) 2.46 (.05)
s 1.49 .71 1.34
8— (period  mean)X .86 .41 .78
a /  Level o f s ig n ifican ce  is  shown beside  each value.
The standard  dev ia tions and standard  e rro rs  fo r  the crude p ro te in  p e r­
centages and the crude f ib e r  percentages were o f a s im ila r  magnitude 
fo r  a l l  o ther in g red ien ts . A lfa lfa  hay exh ib ited  the g re a te s t  amount 
o f v a r ia tio n , w ith standard dev ia tion  and standard  e rro r  values fo r 
crude f ib e r  percentage of 3.78 and 2 .18 , re sp e c tiv e ly .
The s ig n if ic a n t d iffe ren ces  in  crude f ib e r  percentage on Rations 
I I  and I I I  w ill  be confounded with the  treatm ent d iffe ren ces  fo r animal 
responses. However, the ca lcu la ted  values shown above reveal th a t the
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d if fe re n c e s , although s ig n if ic a n t ,  a re  sm all, and th ere fo re  o f minimal 
consequence. This is  e sp e c ia lly  tru e  since the lowest crude f ib e r  
value fo r any period is  above the crude f ib e r  lev e ls  th a t o ther work­
e rs (33, 43, 50,55) have reported  to be a sso c ia ted  with m ilk f a t  de­
p ression .
Summary o f Responses
Table 9 p resen ts the d a ily  means fo r dry m atter consumption o f 
the ra t io n s , and fo r the performance ind ices measured. S t a t i s t i c a l ly  
s ig n if ic a n t  d iffe ren ces  between the treatm ent means a re  noted w ith 
su p e rsc rip ts  which are  referenced  fo r le v e l o f p ro b a b ility . The follow ­
ing s e t  of orthogonal comparisons, se lec ted  p r io r  to conducting the ex­
perim ent, were made: (A) Ration I  vs IX, I I I ,  IV; (B) Ration I I  vs
I I I ,  IV; and (C) Ration I I I  vs IV. This p a r t ic u la r  s e t  o f three com­
parisons was se lec ted  fo r  the follow ing reasons. The f i r s t  comparison, 
A, is  a comparison o f the conventional ra tio n  w ith  the th ree  complete 
ra t io n s . The second one, B, is  a comparison of a complete ra tio n  w ith 
s ila g e  as the so le  source o f roughage vs two complete ra tio n s  c o n ta in ­
ing both s ila g e  and hay, w hile C compares the ra t io n  contain ing  p e l­
le ted  hay w ith another ra tio n  to which long hay was added.
S p ec ific  d e ta i ls  concerning each v a ria b le  measured w ill  be d i s ­
cussed in. the follow ing se c tio n s .
Dry M atter Consumption
The d a ily  means fo r  dry m atter consumption on the d if f e r e n t  
ra tio n s  were: ( I )  19.5 kg, ( I I )  17.5 kg, ( I I I )  20.0 kg, and (IV)
TABLE 9
Summary o f  Responses Obtained w ith  L ac ta tin g  Cows
D aily  Means —̂______________________
Dry H a tte r  Consumption 
T otal DM In take  (kg)
C oncentrate (kg)
Corn S ilag e  (kg)
A lfa lfa  Hay (kg)
C oastal Bermudagrass P e l le ts  (kg) 
N ative Grass Hay (kg)
Gross Energy In take  (Meal) 









P ro te in  (7.)
P ro te in  (kg)
Lactose (%)
Lactose (kg) .
Milk Leucocytes (DMSCC x 10” ) 
Body Weight Changes (kg)
R ation
I I I I I I IV
1 9 . 5a 17.5ab 20.0ac 1 9 .l ac







81 .8d 7 5 .l dG 84.0d f 82.1d f
53.68 4 6 .5h 4 7 .3h 52.8b
2 2 . 2d8 20 .6deh 21.8dfh 21.7dfh
20.9 19.7 20.2 20.1
20.7 19.5 t 20.3 20.0
3.66a 3.75 3.57ac 3.57ac
.80 .77 .77 , .77
8.64d 8.62 8.77d t 8 .64d f
1.92d 1.77 1.91 1.87df
3.40 3.42 t 3.54 3.45
• 74a . 70 . 76ac . 74ac
4.73 4.73 4.75 4.72
1.05 .98 1.04 1.03
.76 .61 1.03 1.17
+0.35 +0.29 +0.39 +0.31
a /  Means w ith d i f f e r e n t  a  - c S u p e rsc rip ts  d i f f e r  (P < .01)
Means w ith d i f f e r e n t  d - f  S u p e rsc rip ts  d i f f e r  (P < .05)
Means w ith d i f f e r e n t  g - h S u p e rsc rip ts  d i f f e r  (P < .10)
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19.1 kg. They a re  s l ig h t ly  lower than the values obtained by V illa v i-  
cencio _et _al. (105) and by Drude ^ t  a l .  (28) in experiments reported  
p rev iously . These workers reported  average d a ily  dry m atte r in takes 
up to  23 kg in experiments using h igher concentra te  to roughage r a t io s .  
The lev e ls  o f in take  on th is  t r i a l  a re  in  general agreement w ith those 
obtained by sev era l o ther workers (57, 59, 61).
The mean and range o f dry m atter in take  o f the animals in take  
by weeks and periods a re  shown in Appendix Table 6. The an a ly sis  o f 
variance o f the d a ta  is  presented  in  Appendix Table 7. As shown in  
th is  a n a ly s is , d iffe ren ces  in  dry m atte r consumption were s ig n if ic a n t  
(P < .01). The s ig n if ic a n t  d iffe ren c e  between weeks in d ica te s  th a t  
there  was a v a r ia tio n  by weeks in  the dry m atter consumption p a tte rn . 
However, since  the week X ra tio n  in te ra c tio n  is  n o n -s ig n if ic a n t, i t  
can be assumed th a t th is  v a r ia tio n  between weeks was e s s e n t ia lly  the 
same fo r  a l l  r a t io n s . A number o f fac to rs  could in fluence  th is  v a r ia ­
tio n , includ ing  the v a r i a b i l i ty  in  s ila g e  composition d iscussed  p re ­
v io u sly . Advancing stage  o f la c ta t io n , weather v a r ia tio n s , and o th er 
environmental fa c to rs  would a lso  co n tr ib u te  to  th is  v a r ia tio n . The 
s ig n if ic a n t  column and row e ffe c ts  shown in Appendix Table 2 rep resen t 
period and animal d iffe ren c e s  th a t were p a r ti tio n e d  from the e rro r  source 
of v a r ia tio n .
As shown in Table 9 , the orthogonal comparisons in d ica te  th a t  the 
dry m atter consumption o f  Ration I  is  not s ig n if ic a n tly  d if fe re n t  from 
the th ree  complete ra t io n s . Dry m atte r consumption of Ration I I  was 
s ig n if ic a n t ly  lower (P < .01) than th a t  o f Rations I I I  and IV. The most
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probab le  ex p lan a tio n  o f  th is  re d u c tio n  o f  in ta k e  on R ation  I I  i s  th a t  
i t  had th e  h ig h e s t percen tage o f roughage and crude f ib e r  o f  the  four 
r a t io n s  used.
As shown in  Tables 5 and 6, the crude f ib e r  and roughage percen t­
ages o f the  ra tio n s  were: (I) 13.3, 42.6; ( I I )  17.7, 48 .7 ; ( I I I )  16.4,
47.4; and (IV) 15.0, 37.8, re sp ec tiv e ly . I t  should be noted th a t  a l ­
though the trend is  toward increased dry m atter consumption as crude 
f ib e r  percentage and percentage o f roughage decreased, the re la t io n ­
ship  is  no t uniform on a l l  ra tio n s . The h ig h es t dry m atter consumption 
was obtained on Ration I I I ,  which contained alm ost as much crude f ib e r  
and roughage as did Ration I I .  From th is ,  one may conclude th a t  o th e r, 
f a c to rs , including energy le v e l, bu lk , and/or p a la ta b i l i ty  may have 
been fa c to rs  in fluencing  dry m atter consumption. The s ig n if ic a n t ly  
lower consumption o f Ration I I  is  in  agreement w ith the find ings of 
Brown e t  ail. (15) and Waugh _et a l .  (108) who reported  th a t dry m atter 
consumption was h igher on d ie ts  con ta in ing  both hay and s i la g e  than i t  
was when com  s ila g e  was the so le source of roughage in  the d ie t .
Levels of concen tra te  and roughage consumption a re  a ls o  shown 
in  Table 9 . Since most of these means were c a lc u la te d  from the ra tio n  
composition values shown in Table 5, no s t a t i s t i c a l  a n a ly sis  o f  th e ir  
consumption as ind iv idua l components was made. They a re  included in 





The weekly means and ranges fo r  gross energy consumption from 
the various ra tio n s  are  shown In Appendix Table 8 , w hile the an a ly sis  
o f  variance Is  presented in  Appendix Table 9. Gross energy in tak e  was 
determined only on those anim als assigned to squares th ree  and four, 
the  two groups of cows th a t were used fo r  the d ig es tio n  t r i a l s  during 
the fourth  week o f each p e rio d . The gross energy determ inations were 
made during a l l  th ree  weeks o f each period  to provide a d d itio n a l in ­
form ation about the energy c h a ra c te r is t ic s  of the ra tio n s , and the 
p a tte rn s  o f gross energy consumption. As shown in  the an a ly s is  o f 
v a riance , gross energy consumption was d if fe re n t  fo r the four ex p eri­
m ental ra tio n s  a t  the 10% p ro b a b ility  le v e l. This lev e l o f p robab il­
i t y  was se lec te d  because the  le a s t  s ig n if ic a n t  d iffe ren c e  values 
c a lc u la te d  fo r gross energy consumption showed th a t:
lsd (.lO ) = 5 .9 5  Meal 
This ind ica ted  th a t d iffe ren c e s  in  d a ily  in take as small as 5.95 Meal 
GE could be de tec ted  a t  th is  level o f s ig n if ic a n c e . Based on average 
energy values from the 1964 NRC feed composition tab les (70), ra tio n s  
o f the type used in  th is  experiment would be expected to  have DE levels 
th a t  a re  approxim ately 60% o f  GE. A d iffe ren c e  o f  approxim ately 6.0 
Meal of GE would, th e re fo re , be equal to  a d iffe ren ce  o f 3 .6  Meal of 
DE. Using the NRC m ilk production requirem ents (71) as a guide in d i­
ca ted  th a t 3 .6  Meal o f DE i s  the d a ily  energy requirem ent fo r produc­
t io n  o f 2 .4  kg o f m ilk te s t in g  3.5% f a t .  This lev e l o f d iffe re n c e  in
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d a ily  production could have d e f in i te  economic s ig n ific an c e  since  i t  
would change gross income by approxim ately $10.00 per cow per month.
As shown in Table 9, the orthogonal comparisons in d ic a te  th a t 
the consumption o f GE by cows on Ration I I  was s ig n if ic a n t ly  lower 
(P < .05) than i t  was on Rations I I I  and IV. The consumption lev e l 
o f GE on Ration I  (con tro l) was no t s ig n if ic a n tly  d if f e r e n t  from con­
sumption on the th ree  complete ra t io n s , nor was th ere  a s ig n if ic a n t  
d iffe ren c e  in consumption between Rations I I I  and IV.
Brown _et a l .  (15) and Waugh e t a l .  (108) both reported  th a t a l ­
though dry m a tte r  consumption increased  as hay was added to corn s ila g e  
ra t io n s , energy in take remained constan t over a l l  ra t io n s . Both experi­
ments were conducted using  experim ental ra tio n s  in  which roughage made 
up approxim ately 30 to 40% of the  ra tio n  on a dry b a s is . Hathorn and 
Rakes (42) have ind ica ted  th a t the amount of bulky m ate ria l th a t w il l  
be consumed by ruminants can be lim ited  by space in  the d ig es tiv e  
t r a c t .  Warner e t  a l .  (107) a ls o  found th a t  the to ta l  bulk of high f ib e r  
ra tio n s  may l im it  consumption. I t  is  p o ss ib le  th a t  th is  is  the fac to r  
which lim ited  gross energy in tak e  on Ration I I .  As noted p rev iously , 
th is  ra tio n  was much b u lk ie r  than the o th e r  three ra tio n s . Rations I ,  
I I I ,  and IV, which had approxim ately the same d e n s ity , were consumed 
a t  le v e ls  which re su lte d  in  energy in takes th a t a re  e s s e n t ia l ly  equal.
D ig e s tib le  Energy
D igestible energy was determined from the re s u l ts  o f the d ig estio n  
. t r i a l  conducted during the fo u rth  week o f  each period . Percentages o f 
DE were determined as described  by H arris (39), and the re su ltin g
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values fo r  each period a re  shown in  Appendix Table 10. Appendix Table
I I  shows the DE in take values fo r  each period  th a t were ca lcu la ted  
using  GE in takes from Appendix Table 8 and DE percentage values from 
Appendix Table 10. The analyses o f variance  fo r DE percentage and fo r  
DE in take a re  shown in  Appendix Tables 12 and 13, re sp e c tiv e ly . D if­
ferences in  DE percentage were h igh ly  s ig n if ic a n t  (P < .0 1 ). The DE 
percentage values fo r Rations I ,  I I ,  I I I ,  and IV were: 65.3 , 62.2,
56.6 , and 64.4 , re sp e c tiv e ly . The orthogonal comparisons in d ica te  
th a t  Ration I  had a s ig n if ic a n tly  h igher (P < .05) DE percentage than 
did  the th ree  complete ra t io n s . The values fo r  Ration I I  were not s ig ­
n i f ic a n t ly  d i f f e re n t  from Rations I I I  and IV, but Ration IV was s ig n i­
f ic a n tly  h igher (P < .01) in percentage DE than was Ration I I I .  Ration
I I I  had the lowest DE percentage of the four ra t io n s . This probably 
accounts fo r  the high lev e l of dry m atte r in tak e  observed on th is  ra t io n . 
The low d ig e s t ib i l i t y  value fo r R ation I I I  a lso  in d ic a te s  th a t the Coas­
t a l  bermudagrass p e l le ts  used were lower in  d ig e s t ib i l i t y  than was the 
com  s i la g e . Reference to Table 5 shows th a t  Rations I  and IV,
which had the h ig h est DE percentages, were the two ra tio n s  contain ing  
the h ig h es t percentage o f concen tra te .
The a n a ly sis  o f variance fo r DE in take  presented in  Appendix Table 
13 shows th a t  DE in take  values were much less  v a ria b le  than the DE p e r­
centages v a lues, in d ic a tin g  th a t the animals were ab le  to  p a r t i a l ly  o f f ­
s e t  d ig e s t ib i l i ty  d iffe ren ces  in the ra tio n s  by varying the lev e l of 
in tak e . The 10% lev e l o f s ig n ific an c e  was used fo r te s tin g  d iffe ren ces  
between the treatm ent means fo r the same reasons th a t were cifced
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prev iously  fo r  GE in tak e . The lsd (.10) value computed fo r  DE in take  
was 5.63 Meal. As shown in  Table 9, Ration I had a s ig n if ic a n t ly  h igher 
(P < .10) DE in take than did  the th ree  complete ra t io n s . This is  prob­
ably  the r e s u l t  o f  a combination of the r e la t iv e ly  high lev e l o f DM 
in take  shown in Table 9 and the h igher percentage o f DE in  the ra t io n .
I t  should a lso  be noted th a t ,  although the d iffe re n c e  is  no t s ig n if ic a n t ,  
DE in take  on Ration IV was h igher than i t  was fo r  the o th e r two complete 
ra t io n s . For purposes o f comparison, DM in ta k e , GE in tak e , DE p e rcen t­
age, DE in tak e , and DE lev e l of the experim ental ra tio n s  a re  shown in  
Table 10. Comparing these values w ith the crude f ib e r  percentages o f 
the four ra t io n s , which a re  shown in  Table 6, leads to the conclusion 
th a t crude f ib e r  lev e ls  above 16% tend to  lower energy in ta k e . This is  
in  agreement w ith the work of Hawkins (43) who reported  th a t energy in ­
take and m ilk production decreased when crude f ib e r  percentage fo r  the 
to ta l  ra t io n  exceeded 16%. The DE values in  Meal per kg shown fo r  each 
ra tio n  in  Table 10 were computed by the follow ing formula:
DE (Mcal/kg) = DE I n 1?*? <Mcal>
DM In take (kg)
In  the case  of Ration I I I ,  the animals were apparen tly  ab le  to  p a r t i a l ly  
o f f s e t  the lower energy con ten t o f the ra tio n  by increasing  th e i r  con­
sumption. Reid £ t  al.. (87) and Warner e_t _al. (107) have both p o stu la ted  
th a t energy requirem ents may be one o f the fa c to rs  a f fe c tin g  vo lun tary  
in take  in rum inants. Hie consumption p a tte rn  o f  Ration I I I  would seem 
to  confirm  th is  theory . An examination o f the DE percentages and DE 
lev e ls  in  Mcal/kg shows th a t Ration I I  was more s im ila r  to Rations I
TABLE 10
A Comparison o f Dry M atter In take and Various Measures o f Energy Con­
sumption
In take  Value
Ration
I I I I I I IV
DM In take (kg) —f 19.2 17.7 20.2 19.3
GE In take (Meal) 81.8 75.1 84.0 82.1
DE (%) 65.3 62.2 56.6 64.4
DE In take (Meal) 53.6 46.5 47.3 52 .8
DE (Mcal/kg o f DM) 2.79 2,62 2.34 2.74
a/  DM in take  o f anim als on squares 3 and 4 during the. fo u rth  week o f 
each period .
and IV than i t  was to  Ration I I I .  However, as d iscussed  p rev iously , 
e i th e r  p a la ta b i l i ty  o r the  bulk of th is  ra tio n  lim ited  in tak e  so th a t  
to ta l  DE in take  was the lowest o f the four ra t io n s .
A comparison of the a c tu a l DE lev e ls  in the ra tio n s  with the 
ca lcu la ted  values shown in  Table 6 in d ic a te s  th a t  the ca lcu la ted  values 
overestim ated DE by approxim ately 20%. This r e s u l t  is  in  agreement with 
the  rep o rt o f Reid e t  a l .  (87), who found th a t d ig e s t ib i l i t y  was de­
pressed a t  high lev e ls  o f in ta k e , e sp ec ia lly  on mixed d ie t s  contain ing  
r e la t iv e ly  high proportions o f concen tra te .
Produc tiv e  Responses
Actual Milk Production
The mean and ranges o f a c tu a l m ilk production by periods i s  
shown in  Appendix Table 14 w ith the an a ly sis  o f variance shown in
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Appendix Table 15. The 10% lev e l o f p ro b a b ility  was se lec ted  fo r  com­
parison  of the treatm ent means fo r  th is  v a ria b le  because the lsd  value 
c a lcu la ted  a t  the 10% le v e l was 1.0 kg. One kg o f m ilk production per 
day over a 305-day la c ta t io n  would, a t c u rre n t m ilk p r ic e s , a f f e c t  gross 
annual income by $40,00 to  $50.00 per cow.
The orthogonal comparisons among the treatm ent means shown in 
Table 9 in d ic a te  th a t cows consuming Ration I  produced s ig n if ic a n t ly  
(P < .10) more m ilk per day than did anim als on the th ree  complete 
ra t io n s . These comparisons a lso  show th a t production was s ig n if ic a n t ly  
lower (P < .05) on R ation I I  than on R ations I I I  and IV. There was 
a s ig n if ic a n t  c o rre la t io n  (P < .01) between dry m atte r in take  and m ilk
production of .29. The h igh ly  s ig n if ic a n t  d iffe re n c e s  between weeks 
shown in  Appendix Table 15 in d ica te  th a t m ilk production did vary be­
tween d if f e r e n t  weeks o f the experiment. However, the ra tio n  X week 
In te ra c tio n  was not s ig n if ic a n t .  With a .29 c o rre la tio n  between dry 
m atter consumption and m ilk  production, th is  s ig n if ic a n t  d iffe ren ce  
between weeks i s  to  be expected, s in ce  weeks were a ls o  s ig n if ic a n tly  
d if f e r e n t  fo r  dry m atte r in take .
Regression o f milk production on dry m atter consumption was de­
termined fo r  each ra tio n  se p a ra te ly , and fo r  the combined e f fe c t  o f a l l  
r a tio n s . An a n a ly sis  o f variance was made fo r  l in e a r ,  q u a d ra tic , and 
cubic e f f e c ts .  None o f the  e ffe c ts  were s ig n if ic a n t  fo r  Rations I  and 
I I I .  For Ration I I  there  was a s ig n if ic a n t  (P < .05) cubic e f fe c t  w ith 
a c o rre la tio n  o f:
S'-DM2, DM3 -  .566
The reg ress ion  formula was c a lcu la te d  as:
Y -  30.48 - 0.1667DM2 +  0.0075DM3 
S ig n if ic a n t quad ra tic  e f fe c ts  were ob tained  fo r  Ration IV and 
fo r  the e f fe c t  o f a l l  ra t io n s . The leve ls  o f  s ig n if ic an c e  were (P < .05) 
and (P < .0 1 ), re sp e c tiv e ly . For Ration IV the c o rre la tio n  was:
r y.DM2 -  .325 
For the o v e r-a ll  ra tio n  e ffe c t  the c o rre la tio n  was:
ry .DM2 = .28
This value fo r  the o v e r-a l l  e f f e c t  is  in c lose  agreement w ith the r  
va lue  of ,29 obtained when the l in e a r  c o rre la tio n  between d ry  m atte r in ­
take and m ilk production was c a lc u la te d . The reg ress io n  formulas fo r  
Ration IV and fo r  a l l  r a tio n s , re sp e c tiv e ly , were;
Ration IV: Y = 12.62 + .0243DM2
A ll R ations: Y -  16.32 +  .0141DM2
I t  is  q u ite  probable th a t  the true  e f fe c ts  o f a l l  ra tio n s  would 
be cubic i f  a wide enough range o f the re la tio n sh ip  was observed and 
te s te d . The d if fe re n t  e f fe c ts  obtained in th is  case fo r d if f e r e n t  r a ­
tio n s  are  probably due to a combination of the e f fe c ts  of< o th e r sources 
of v a r ia tio n , plus the p o s s ib i l i ty  of d i f f e re n t  ra tio n s  f a l l in g  a t  d i f ­
fe re n t  po in ts on the response curve. Both F la t t  (32) and Rakes (83) 
have reported  th a t  lower producing cows rece iv ing  u n re s tr ic te d  in take  
of h igh  energy feeds have a tendency to fa tte n  a t  the expense o f m ilk 
production . This would account fo r  a f a i r ly  f l a t  o r d ec lin in g  re g re s ­
s io n  lin e  a t  lower le v e ls  o f production . The maintenance requirem ents
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would a lso  use  a p ro p o rtio n a te ly  g r e a te r  sh a re  o f t o t a l  in ta k e  a t  low 
le v e ls  o f  consum ption. The use o f  la rg e r  percen tages o f the energy 
in ta k e  fo r m ilk  p roduction  would cause th e  c u r v i l in e a r  r e la t io n s h ip  
no ted  fo r  a l l  th ree  s ig n i f ic a n t  e f f e c ts  as  le v e l o f  d ry  m a tte r  in ta k e  
in c re a se d .
Reid £ t  a l .  (87) has reported  th a t  as lev e l o f in take  in c reases , 
e ff ic ie n c y  o f d ig es tio n  d e c lin e s . This e f f e c t  is  more pronounced on 
mixed ra tio n s  th a t contain  r e la t iv e ly  high proportions of co n cen tra te .
The re s u l ts  o f the reg ress io n s computed would in d ic a te  th a t in  th is  ex­
perim ent th is  e f fe c t  was no t la rg e  enough to markedly a f f e c t  dry m atter 
u t i l i z a t io n ,  as the formulas obtained show no tendency of the reg ression  
l in e s  to p la teau  a t  the upper l im its  o f dry m atter in tak e .
M ilk F at P ercen tage
The means, ranges, and a n a ly s is  o f variance fo r m ilk f a t  percentage 
a re  shown in  Appendix Tables 16 and 17. There was a s ig n if ic a n t  d i f f e r ­
ence (P < .05) in  m ilk f a t  percentage and the orthogonal comparisons 
ind ica ted  th a t  f a t  percentage on Ration I I  was s ig n if ic a n t ly  h igher 
(P < .01) than i t  was on Rations I I I  and IV. The o ther comparisons 
showed no s ig n if ic a n t  d iffe re n c e s . The d a ily  treatm ent means fo r  f a t  
percentage a re  shown in Table 9. I t  is  no t c le a r  whether the h igher 
percentage o f milk f a t  obtained on Ration I I  i s  an in d ica tio n  o f in ­
creased m ilk f a t  sy n th esis , o r m erely a r e f le c t io n  of the tendency fo r  
m ilk f a t  percentage to  increase  as production decreases. An examination 
o f m ilk f a t  y ie ld  and F(M y ie ld  would lead one to suspect th a t  the r a ­
tio n s  were e s s e n t ia l ly  equal in  th e i r  a b i l i t y  to support m ilk f a t  syn­
th e s is .
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M ilk Fat Production
There were no s ig n if ic a n t  d iffe ren ces  fo r m ilk f a t  production 
among the trea tm en ts. Hie means and ranges a re  shown in Appendix Table 
18 and the a n a ly sis  o f variance i s  presented in  Appendix Table 19.
There was a s ig n if ic a n t  (P < .01) week e f f e c t  which was to  be expected 
s ince  the week e f fe c t  fo r  m ilk production was h igh ly  s ig n if ic a n t  and 
th e re  was a s ig n if ic a n t  (P < .01) c o rre la tio n  o f .82 between m ilk pro ­
duction  and m ilk f a t  production.
Fat-C orrected Milk
Conversion o f the ac tu a l m ilk production to FCM y ielded  treatm ent 
means th a t were not s ig n if ic a n t ly  d i f f e r e n t .  D e ta ils  concerning weekly 
means, ranges, and a n a ly sis  o f variance a re  presented  in  Appendix Tables 
20 and 21. The s ig n if ic a n t  (P < .01) week e f f e c t  noted fo r  dry m atter 
consumption, milk production, and f a t  production was a lso  p resen t in  the 
a n a ly s is  o f variance fo r FCM. The simple l in e a r  c o rre la tio n s  between 
FCM and these v a ria b le s  were: 0 .95 , 0 .96, and 0.22 fo r m ilk production,
f a t  production, and dry m atter in tak e , re sp e c tiv e ly . The d a ily  means 
fo r  FCM which a re  shown in  Table 9, a re  o f the same magnitude as the 
FCM y ie ld  data  reported  by sev e ra l o th er workers using  complete ra tio n s  
(31, 48, 61). I t  would appear th a t  the four ra tio n s  used were no t d i f ­
fe re n t w ith re sp ec t to production of FCM and m ilk f a t .  Ration I I ,  which 
had the h ig h es t percentage o f roughage, y ie lded  le ss  m ilk with a h igher 
f a t  percentage, so th a t production of m ilk f a t  was not e s s e n t ia l ly  d i f ­
fe re n t from the o th e r ra t io n s . The economic s ig n if ic an c e  o f the d i f f e r ­
ences in  ac tu a l m ilk  production and milk f a t  percentages w il l  be examined 
in  a  subsequent se c tio n .
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The c o rre la tio n s  which a re  shown in  Table 11 between FCM and 
SNF, p ro te in , and lac to se  a re  a l l  above .90, which would in d ica te  th a t  
FCM was a lso  a good estim ato r o f nonfat so lid s  in  th is  study.
S o lid s -N o t-F a t
Appendix Tables 22 and 23 con ta in  the weekly means, ranges, and 
th e  a n a ly s is  of variance  fo r  SNF percen tage. As shown in  Appendix 
Table 23, ra tio n  and week d iffe ren ces  were s ig n if ic a n t  a t  (P < .05) 
and (P < .01), re sp e c tiv e ly . The ra t io n  X week in te ra c tio n  was not 
s ig n i f ic a n t .  The means fo r  SNF percentage shown in  Table 9 a re  very 
uniform w ith  the exception o f the value fo r  Ration I I I ,  which is  s ig n i ­
f ic a n tly  h ig h er (P < .01) than the value fo r  Ration IV. C orre la tions 
were computed between SNF percentage and the o th e r productive and com­
p o s itio n  responses measured. S ig n if ic a n t c o rre la tio n s  were obtained 
only w ith f a t  percentage, p ro te in  percentage, and lac to se  percentage.The 
re sp ec tiv e  c o rre la t io n  values o f 0 .20, 0 .33 , and 0.21 a re  a l l  r e la t iv e ly  
low. There is  no apparent reason fo r the sm all magnitude o f these c o rre ­
la t io n s ,  nor fo r the s ig n if ic a n t  d iffe re n c e  between Rations I I I  and IV.
SNF production d a ta  a re  shown in  Appendix Tables 24 and 25. The 
s ig n if ic a n t  e f fe c t  o f weeks th a t  was noted w ith the o th er production 
d a ta  was a lso  p resen t in  the SNF a n a ly sis  a t  the (P < .01) le v e l. The 
c o rre la t io n s  between SNF production and m ilk, FCM, and m ilk f a t  produc­
tio n  were 0 .97 , 0 .94 , and0l82, re sp e c tiv e ly . As shown in  Table 9, SNF 
production was s ig n if ic a n t ly  lower fo r Ration I I  than fo r  the o ther 
two complete ra t io n s . This i s  p rim arily  a  re f le c tio n  o f the lower m ilk 
production o f cows on th is  ra t io n .
TABLE 11
C o rre la tio n s Between Dry M atter In tak e , Production Values, and M ilk Composition Values —̂
V ariab le
Measured M ilk FCM Fat SNF P ro te in Lactose Fat SNF P ro te in Lactose DM In take
(kg) (kg) - - ------- 7................... -  - ------- kg-
Milk (kg) 1.00
FCM (kg) .95 1.00
M ilk F a t (7.) - .49 .18 1.00
SNF (7.) - .20 .20 1.00
P ro te in  (%) -  .68 -.5 7 .44 .33 1.00
Lactose (%) .19 .21 .21 1.00
F at (kg) .82 .96 - .45 .23 1.00
SNF (kg) .97 .94 - .44 .59 .21 .82 1.00
P ro te in  (kg) .92 .90 - .37 - .31 .18 .79 .92 1.00
Lactose (kg) .98 .94 - .44 - .62 .34 .82 .97 .91 1.00
DM In take  (kg) .29 .22 - .29 .15 .29 .37 .25 1.00
a /  A ll c o rre la t io n s  shown a re  s ig n i f ic a n t  (P < .0 1 ). Empty c e l ls  in d ic a te  n o n -s ig n if le a n t v a lu es .
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Sol id s-  C orrec ted M ilk
The p e rtin e n t data  on so lid s -c o rre c te d  milk a re  presented in 
Appendix Tables 26 and 27. The an a ly s is  o f variance presen ted  in Appen­
d ix  Table 27 shows th a t th e re  were no s ig n if ic a n t  treatm ent e f f e c ts ,  bu t 
th a t the h ig h ly  s ig n if ic a n t  (P < .01) week e f fe c t  found fo r  a l l  o th e r
productive responses was a lso  p resen t fo r  th is  v a r ia b le . Examination 
o f the treatm ent means fo r  SCM th a t a re  shown in  Table 9 in d ic a te s  th a t  
the SCM values a re  w ith in  0 .2  kg o f the values shown fo r FCM, and th a t  
both values show th e  same p a tte rn  of v a r ia tio n . I t  would appear th a t 
in th is  s tudy  FCM and SCM ad justed  a c tu a l m ilk production fo r  i t s  energy 
conten t w ith  equal p rec is io n .
Milk P ro te in  and Lactose
The a n a ly s is  of variance  fo r p ro te in  percentage th a t  is  shown in 
Appendix Table 29 in d ic a te s  th a t the ra t io n  e f fe c t  i s  s ig n if ic a n t  .
(P < .05) . When the orthogonal comparisons were made, i t  was found 
th a t  a l l  th re e  comparisons were s ig n if ic a n t  a t  the 10% le v e l only. Cal­
c u la tio n  o f  the l e a s t  s ig n if ic a n t  d iffe ren c e  a t  th is  p ro b a b ility  lev e l 
y ielded  a  value of .09%. Since i t  is  doub tfu l th a t  d iffe ren c e s  of th is  
magnitude in  p ro te in  percen t a re  of any economic consequence, these d i f ­
ferences were om itted from the s ig n if ic a n t  d iffe ren c e s  shown in Table 9.
The a n a ly s is  of variance  fo r  p ro te in  production th a t i s  p resented  
in  Appendix Table 31 shows the s ig n if ic a n t  week e f f e c t  found fo r a l l  
o th e r p roductive  responses plus a ra t io n  e f fe c t  th a t i s  s ig n if ic a n t  
(P < .05) . The orthogonal comparisons shown in Table 9 in d ic a te  th a t
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Ration I I  produced s ig n if ic a n t ly  le s s  (P < .05) p ro te in  than did  Ra­
tio n s  I I I  and IV. This is  due to the a d d itiv e  e f fe c t  of a lower pro­
te in  percen t and lower m ilk production on th is  ra tio n . Apparently, 
e i th e r  the lower energy le v e l o f the ra tio n  o r the h igher f a t  percen t­
age of the m ilk had a depressing  e f fe c t  on p ro te in  production . The 
c o rre la t io n  between p ro te in  percentage and f a t  production was - 0 .45.
A ll c o rre la tio n s  between p ro te in  and the o th er productive responses 
w il l  be found in  Table 11, which summarizes a l l  s ig n if ic a n t  c o rre la tio n s  
between the productive responses.
The treatm ent means fo r  lac to se  percentages and production are  
shown in  Table 9. The d e ta ile d  data  on weeks and periods plus the analy­
s is  of variance a re  shown in  Appendix Tables 32 through 35. There were 
no s ig n if ic a n t  treatm ent e f f e c ts  fo r e i th e r  la c to se  percentage o r lac to se  
production .
C orre la tions Between Productive Responses
The s ig n if ic a n t  c o rre la tio n s  obtained between the various produc­
t iv e  responses a re  shown in  Table 11. A ll c o rre la tio n s  were e i th e r  
h igh ly  s ig n if ic a n t  (P < .01) o r n o n -s ig n if ic a n t. With the  exception o f 
the low values fo r  SNF percen tage, the  values fo r  the various percentage 
and production values are  o f  the magnitude normally expected. The cor­
r e la t io n  between m ilk f a t  percentage and m ilk f a t  production was not 
s ig n if ic a n t .
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Body Weight Change
Body weight changes on the experiment were p o s it iv e  and non-sig ­
n if ic a n t .  As shown in  Table 9, the d a ily  means fo r a l l  ra tio n s  were 
le s s  than 0 .4  kg. V isual observations o f the condition  o f the animals 
ind ica ted  th a t  they were in average body cond ition  and no excessive 
w eight lo sses  were noted . One animal from square number 4 was s l ig h tly  
over-conditioned a t  the end of the t r i a l .  However, th is  s i tu a tio n  had 
been observed fo r th is  cow in previous la c ta t io n s , and she was subse­
quently  cu lled  fo r low production. The period means and ana ly sis  of 
variance fo r  body weight changes are  shown in  Appendix Tables 36 and 37.
Milk Leucocytes
Milk leucocyte counts were determined from the weekly m ilk 
samples c o llec ted  during  th is  t r i a l .  These counts were taken p rim arily  
to ob tain  some index o f  udder h e a lth , and to h e lp  evaluate  any abnormal­
i t i e s  in  m ilk composition th a t might have occurred. The data  were a lso  
used fo r another p ro je c t d i re c tly  re la te d  to m ilk leucocytes and udder 
h e a lth . The average values fo r  leucocytes shown in  Table 9 are  h igher 
than normal. These values a re  the r e s u l t ,  p rim arily , o f  two cows th a t 
had extremely high DMSCC values and showed c l in ic a l  m a s ti t is  symptoms 
p e r io d ic a lly  throughout the study . The means and ranges fo r a l l  periods 
a re  shown in  Appendix Table 38. I t  w il l  be noted from th is  tab le  th a t 
the ranges a re  extreme and h igh ly  v a ria b le  throughout the study. The 
a n a ly s is  of variance shown in  Appendix Table 39 in d ic a te s  no s ig n if ic a n t 
d iffe ren ces  even among squares, columns, and rows. C orre la tion  o f  the
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leucocyte counts w ith o ther responses showed n o n -s ig n if ic a n t values 
except fo r lac to se  percentage, which showed a s ig n if ic a n t  (P < .01)
-.23  c o rre la tio n . The only conclusion th a t  can be drawn from the leuco­
cy te  counts is  th a t they were extrem ely v a r ia b le , th a t the average values 
in d ic a te  th a t abnormally high counts e x is te d , and th a t  they were nega­
t iv e ly  co rre la ted  w ith lac tose  percentage.
Animal H ealth
As discussed  in  the previous se c tio n , average leucocyte counts 
were above the lev e l d esired  fo r  normal m ilk during  th is  study. Two 
cows assigned to square number 2 developed m a s ti t is  during period  1 of 
the study. They p e rio d ic a lly  showed symptoms of m a s ti t is  throughout 
the remainder of the experim ent. There were iso la te d  flareups o f c l i n i ­
ca l m a s ti t is  on three o th er anim als, bu t the cond ition  did not p e r s i s t .  
The problems w ith udder h ea lth  were probably due p rim arily  to the con­
d itio n s  under which the animals were housed. I t  was very d i f f i c u l t  to 
keep the udders of the cows clean  and dry w hile they were confined to 
the s t a l l s ,  e sp ec ia lly  during the second, th ird ,  and fourth  feeding 
periods when co ld , wet weather p rev a ile d .
Some d ig e s tiv e  upsets were encountered during the change-over 
p erio d s . During the f i r s t  two o r th ree  days o f the change-over period , 
approxim ately h a lf  o f the animals would in crease  dry m atte r consumption. 
Three o f the animals developed impacted rumens, once each, w ith in  th ree  
days o f a ra t io n  change. This occurred  during th ree  d if f e r e n t  change­
over periods, once each on Rations I I ,  I I I ,  and IV. In each case the
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anim al recovered w ith in  48 hours and exhib ited  no se rio u s a f te r - e f f e c t s .  
One cow went o f f  feed on Ration I  fo r  three days, again during  the 
change-over period . No d ig e s tiv e  upse ts were observed during  the data  
c o lle c tio n  periods . Based on these problems encountered during the 
change-over period , i t  would seem advisab le  to avoid ab rup t changes in  
ra t io n  composition whenever p o ss ib le .
No o th e r  h e a l th  problems w ere noted on the t r i a l .  A ll  anim als 
moved w e ll ,  and no jo in t  s t i f f n e s s  o r  lameness was n o ted .
E ff ic ie n c y  o f Energy U t i l iz a t io n
E ff ic ie n c y  o f  energy u t i l i z a t i o n  was computed as  d e sc rib ed  fo r  
g ro ss  e f f ic ie n c y  by Baumgart (10) and by Brody (13 ). The fo llow ing  
form ula was used:
Gross E ff ic ie n c y  =  FCM (kg) ^  ^qq
DE In tak e  (Meal)
The d a ta  shown on e ff ic ie n c y  were computed using d a ta  from anim als a s­
signed to  squares 3 and 4 during the fourth  week o f each p e rio d . This 
was done in  o rder to  make the  e ff ic ie n c y  measurement during the same 
period  and on the same anim als th a t were used fo r  the d ig e s tio n  t r i a l .  
Hie values obtained fo r a l l  periods a re  shown in  Appendix Table 40.
Gross e f f ic ie n c ie s  o f  41.1%, 45.0%, 47.8%, and 40.4% were ob­
ta in ed  fo r  Rations I ,  I I ,  I I I ,  and IV, re sp e c tiv e ly . As shown in Ap­
pendix Table 41, th e re  was a  d iffe ren c e  (P < .10) between the  t r e a t ­
ment means. The orthogonal comparisons in d ic a te  th a t the  e ff ic ie n cy  
v a lu e  of 47.8% fo r  Ration I I I  is  s ig n if ic a n t ly  g re a te r  (P < .05) than 
th e  value o f 40.4% fo r Ration IV.
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I t  was a lso  determined th a t, on a gross e ff ic ie n c y  b a s is , the DE 
requirem ents per kg of FCM were 2.43 Meal, 2.22 Meal, 2.09 Meal, and 
2.48 Meal fo r Rations I ,  I I ,  I I I ,  and IV, re sp e c tiv e ly . This would in ­
d ic a te  th a t Rations I I  and I I I ,  which had h igher roughage con ten ts were 
used more e f f ic ie n t ly  than the two ra tio n s  con ta in ing  h igher percentages 
o f concen tra te . Percentage composition of the ra tio n s  is  shown in  Table 
5.
Economic Data
The a c tu a l feed co sts  plus an assumed s e t  o f values more ty p ic a l 
o f cu rren t co s t fa c to rs  a re  shown in  Table 12. ttiese values were used 
in  c a lc u la tin g  both a c tu a l and h y p o th e tica l feed c o s ts .
TABLE 12
A ctual and H ypothetical Values fo r Feed Cost
In g re d ie n t
P r ic e per 45 .4  kg
A ctual P r ic e s H y p o th e tica l P rices® /
(as fed) (DM) (as fed) (DM)
Ground Corn $2.58 $2.90 $3.00 $3.37
Soybean O il Meal 4.98 5.60 4.90 5.51
Steamed Bone Meal 5.80 5.80 3.50 3.50
G ranulated  S a l t 1.35 1.35 1.75 1.75
U re a -tre a te d  Corn S ila g e ^ ' .725 2.20 .50 1.51
A lf a l f a  Hay 2.38 2.64 2.50 2.80
C o asta l Bermudagrass P e l le t s 2.33 2.58 2.25 2.50
N ative Grass Hay 1.25 1.37 1.50 1.65
M ixing Charges .15 .25 .10 .17
aj H y p o th e tica l p r ic e s  a re  based on p re v a il in g  p r ic e  q u o ta tio n s  in  th e  
South C e n tra l U nited S ta te s .
b / Based on s i la g e  con ta in ing  33% DM
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The ac tu a l average milk p rice s  received during th is  study a re  
shown in Table 13. Fat d i f f e r e n t ia l s  a re  a lso  shown in  o rder to com­
pute the value of m ilk w ith varying f a t  co n ten t. A s e t  of assumed 
p ric e s  r e f le c t in g  c u rre n t cond itions a re  a lso  shown. A ll p rice s  a re  
based on m ilk con ta in ing  4.0% m ilk f a t .
TABLE 13
C en tra l L ou isiana M ilk P r ic e s  in  1969 and 1971 —̂
Year
P r ic e  per 45.4  kg o f  M ilk
P r ic e  C lass Base P r ic e F a t D if f e r e n t ia l
1969 I 7.51 .080
11 i / 4.07 .074
Blend 6.30 .078
1971 I 7.92 .080
I I 4.42 .074
Blend 6.70 .078
a /  P rices  shown a re  fo r  m ilk te s tin g  4% f a t
b / Blend p r ic e  used assumed 65% Class I  and 357. C lass I I  u t i l i z a t io n .
The follow ing formula was used to compute the ad justed  p rice  fo r 
m ilk produced on each ra t io n . This is  the standard  p ric in g  formula 
used in  L ouisiana.
P rice  «* Base P rice  - 10 jjEat d i f f e r e n t ia l  X 
(4 .0  - a c tu a l f a t  percentage)j
Using the above p rice  computation and the feed cost fig u res  from 
Table 12, the economic data  on feed c o s t, income and income over feed 
cost fo r  each ra tio n  were computed. These values computed from a c tu a l
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c o s t  d a ta  a re  shown in T able 14. The h y p o th e t ic a l  feed c o s ts  and cu r­
re n t  m ilk  p r ic e  d a ta  were used to  compute the  d a ta  shown in  Table 15. 
These d a ta  in Table 15 more n e a r ly  r e f l e c t  th e  c u r re n t c o s t- p r ic e  r e l a ­
tio n sh ip s  in  th is  a re a .
The primary d iffe ren ces  in  the a c tu a l  p ric e s  and the h y po the tica l 
p rices  used to c a lc u la te  the costs  in  Tables 14 and 15 a re  the r a t io  of 
co st between com  and s i la g e .  The a c tu a l c o s t d a ta  fo r concen tra te  in ­
g red ien ts  and hay are based on com petitive  b id s . The s i la g e  p rice  is  
an in te rn a l  co st figure  used a t  th is  experiment s ta t io n .  The hypothet­
ic a l  p ric e s  a re  based on p rice s  p rev a len t in  th is  a rea  during 1971. 
Average production cost d a ta  from a number o f sources were used to  e s t i ­
mate the s ila g e  cost o f $0.50 per 45.4 kg th a t was used. P rev a ilin g  
m ilk p ric e s  fo r the C entra l Louisiana m arketing a rea  were used fo r  both 
comparisons.
Using th e  r e l a t iv e ly  h igh  p r ic e  fo r  s i la g e  from th e  a c tu a l  c o s t 
d a ta  shows an advantage in  income over feed  c o s t f o r  R ation  I  follow ed 
by R ation  I I .  R ations I I I  and IV rank th i r d  and fo u rth  in  both com pari­
sons. This i s  due to  th e  r e l a t iv e ly  h igh consumption o f R ation I I I ,  
and the com bination o f a  h igh  p ercen tag e  o f  both t o t a l  co n c e n tra te  and 
a  h igh  p ric ed  p ro te in  supplem ent in  R ation  IV. Both o f th e se  fa c to rs  
in c re a se  p roduction  c o s ts  p e r u n i t  o f  p ro d u c tio n . R ation  I I  accrues 
i t s  advantage from a com bination o f  low feed c o s t and an in c reased  m ilk 
p r ic e  due to  th e  in c re a se  in  f a t  p e rc e n ta g e . When a  lower s i la g e  p r ic e  
is  used , R ation I I  shows a  h ig h e r  income over feed c o s t than  does Ration 
I .  Using e i th e r  m ilk p r ic e  w ith  e i t h e r  s e t  o f  c o s t  d a ta  does n o t change
TABLE 14
Economic Comparison o f  R ation  Perform ance Using A ctual Cost and Income 
D ata £ /
Economic Data I
Ration 
I I  I I I IV
Cost o f Concentrate (per kg) .0695
..................$-
.0667 .0677 .0709
Feed Cost (d a ily  mean) 1.355 1.174 1.361 1.361
Feed Cost (per 45.4 kg m ilk) 2.767 2.581 2.830 2.844
Adjusted Milk P ric e  (per 45.4 kg) 6.020 6.105 5.965 5.965
Adjusted Milk P ric e  (per kg) .1327 .1346 .1315 .1315
Income (d a ily  mean) 2.946 2.700 2.867 2.854
Income Over Feed Cost (d a ily  mean) 1.591 1.526 1.506 1.493
a /  D aily  means used a re  on an in d iv id u a l cow b a s is .
TABLE 15




I I  I I I IV
Cost o f Concentrate (per kg) .0864
------------ $-
.0879 .0863 .0900
Feed Cost (d a ily  mean) 1.349 1.079 1.317 1.321
Feed Cost (per 45 .4  kg m ilk) 2.756 2.376 2.740 2.762
Adjusted Milk P ric e  (per 45.4 kg) 6.435 6.505 6.365 6.365
Adjusted Milk P ric e  (per kg) .1419 .1434 .1403 .1403
Income (d a ily  mean) 3.150 2.954 3.059 3.045
Income Over Feed Cost (d a ily  mean) 1.801 1.875 1.742 1.724
a /  D aily  means used a re  on an in d iv id u a l cow b a s is .
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the  ranking o f the ra tio n s ; only the magnitude o f  the income over feed 
c o s t values a re  changed. When ex trapo la ted  over an average herd s iz e  
of 80 cows in  L ouisiana, the d iffe ren ces  shown could have considerab le  
economic impact. I t  would appear from these two comparisons th a t e i th e r  
the conventional Ration I  or the  complete Ration I I  would be the ra tio n s  
of choice i f  only income over feed co st were considered . The re la t iv e  
p rice  o f concen tra te  and s i la g e  would a f f e c t  the  choice between these 
two ra tio n s .
However, s in ce  th is  was only a s h o r t term  study and only two 
sim ple economic com parisons were made, co n s id e rab ly  more d a ta  a re  needed 
b efo re  any co n c lu siv e  d e c is io n s  concerning economics o f the ra t io n s  can 
be determ ined.
General D iscussion
Previous s tu d ie s  on complete ra tio n s  conducted w ith la c ta t in g  
cows have ind ica ted  production th a t was comparable w ith conventional 
ra tio n s  (75, 85, 105). Some problems w ith  lowered milk f a t  percentage 
have occurred (28, 83). However, a review of the l i t e r a tu r e  in d ica tes  
th a t th is  occurred p rim arily  e i th e r  w ith ra tio n s  having concentra te  
percentages above 65%, or w ith ra tio n s  in  •which the physical form of 
the roughage had been a lte re d  by g rind ing , p e lle t in g  o r f in e  chopping 
(58, 83). Cottonseed h u lls  tend to give the same re s u lts  w ith respec t 
to f a t  production as do f in e ly  ground o r  p e lle te d  roughages (62, 103).
A number of roughage sources have been used in complete ra tio n s  
a t  varying r a t io s .  I t  was the purpose o f the p resen t study to  evaluate
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u re a - tre a te d  corn s ila g e  alone, and u re a - tre a te d  corn s ilag e  plus p e l­
le ted  or long hay as sources of roughage fo r complete ra tio n s . Rations 
were formulated to avoid milk f a t  depression i f  a t  a l l  p o ss ib le . The 
re s u l ts  obtained are  in  general agreement w ith those of o th er workers 
(48, 52, 61) who used ra tio n s  w ith s im ila r  g rain  to roughage r a t io s .
This was a sh o r t term experiment u t i l i z in g  a la t in  square design . The 
design was q u ite  e f f ic ie n t  in p a r t i t io n in g  period and animal sources of 
v a r ia tio n , so th a t sm all d iffe ren ces  in productive responses could be 
de tec ted  using  a re la t iv e ly  sm all number o f anim als.
Under the conditions o f th is  experiment the follow ing responses 
were noted:
(a) The two groups of cows th a t were fed one or more feed in g red i­
en ts sep a ra te ly  consumed a h igher percentage o f concentra te  and lower 
percentages o f  the more fibrous roughage components than did the cows on 
the complete ra tio n s . Concentrate consumption did not exceed 62% of 
to ta l  dry m atte r on any ra tio n .
(b) Dry m a tte r  in tak e  and gross energy consumption were lower on 
R ation  I I  which con ta ined  the low est percen tage o f  c o n c e n tra te . However, 
th e  energy from th is  r a t io n  appeared to  be u t i l i z e d  more e f f i c i e n t l y .
Bulk, or physical form, appeared to l im it  the consumption of th is  ra t io n . 
Although the o th er th ree  ra t io n s , which were s im ila r  in d en sity , had vary­
ing energy co n ten ts , the  animals consumed them a t  varying le v e ls  which 
tended to equalize  d ig e s tib le  energy in tak e .
(c) A ctual m ilk production and m ilk composition percentages fo r  
m ilk  f a t ,  SNF, and p ro te in  were s ig n if ic a n t ly  d i f fe re n t  fo r one o r more
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r a t io n s . Animals assigned to  Ration I I  had the  lowest leve l o f m ilk 
production , but they produced m ilk w ith a h igher f a t  percentage. SNF 
percentage was h ig h es t on Ration I I I .
(d) When production d a ta  were converted to FCM or SCM, th e re  
were no s ig n if ic a n t  d iffe ren c e s  between r a t io n s .  This in d ica te s  th a t 
energy y ie ld  o f the cows fed the various ra tio n s  was not s ig n if ic a n t ly  
d if fe re n t  between ra t io n s . There were a lso  no d iffe ren ces  between 
ra tio n s  fo r  y ie ld s  o f m ilk f a t ,  SNF, p ro te in , and lac to se .
(e) Although Ration I I  was s l ig h t ly  more e f f ic ie n t  than the o th er 
r a tio n s , the magnitude o f e ff ic ie n c y  d iffe re n c e s  was sm all. The DE values 
determined fo r a l l  ra tio n s  were approxim ately 20% lower than c a lcu la ted  
values, in d ic a tin g  th a t some depression  in d ig e s t ib i l i t y  may have oc­
curred , probably because of lev e l o f in ta k e . The work of Reid e t  a l .
(87) would co rrobo ra te  th is  conclusion .
(f)  TfiV complete ra tio n s  apparen tly  had l i t t l e  or no e f fe c t  on 
animal h e a lth , although there  were lim ited  in stan ces of d ig e s tiv e  upsets 
during the change-over period when abrupt changes in ra tio n  composition 
were made. However, th e re  was no p a tte rn  to these u p se ts , and the e f fe c ts  
were of only two to th ree  days d u ra tio n . Milk leucocyte counts were 
h igher than expected, and some cows showed symptoms of c l in ic a l  m a s t i t is .  
However, th is  appeared to be more re la te d  to herd management and housing 
o f the animals than to any ra t io n  e f fe c ts .
(g) Comparison o f the economic d a ta  from th is  t r i a l  showed h igher 
lev e ls  of income over feed co s t fo r Rations I  and I I  than fo r Rations I I I  
and IV. Ttiis was p rim arily  because o f  lower feed co st per u n it  o f
p ro d u c tio n  on R ations I  and I I .  R ation  I I  a ls o  accrued  some economic 
advantage because o f a h ig h e r  m ilk  p r ic e  due to  in c reased  m ilk  f a t  
p e rcen tag e . As s i la g e  p r ic e  decreased  and co n c e n tra te  p r ic e  in c reased , 
th e  economic advantage o f  Ration I I  in c re a se d . These com parisons were 
made w ith in  a narrow range o f  p r ic e s  ty p ic a l  o f  th e  m arketing  s i tu a t io n  
in  th is  reg io n .
SUMMARY AND CONCLUSIONS
The prim ary purpose o f th is  s tudy  was to  e v a lu a te  u r e a - t r e a te d  
corn s i la g e ,  both a lo n e , and in  com bination w ith  p e l le te d  C o asta l b e r-  
mudagrass o r  long hay as sources o f  roughage fo r  com plete r a tio n s  fed 
to  la c ta t in g  cows.
The fo llow ing  ra t io n s  were used: ( I )  corn s i la g e ,  a l f a l f a  hay
and c o n c e n tra te  fed s e p a ra te ly  as a co n v en tio n a l r a t io n ;  ( I I )  corn 
s i la g e  and c o n c e n tra te  fed as a com plete r a t io n ;  ( I I I )  corn  s i la g e ,  
C o asta l bermudagrass p e l l e t s ,  and co n cen tra ted  fed as a com plete r a t io n ;  
and (IV) corn s i la g e  and c o n c e n tra te  fed as a  com plete r a t io n ,  p lu s  
long n a tiv e  g rass  hay o f  f a i r  q u a l i ty  fed s e p a ra te ly .
A l a t i n  square  design  w ith  a s p l i t  p lo t  arrangem ent o f t r e a t ­
ments was used fo r  th e  t r i a l  w ith  fo u r groups o f fo u r cows each. The 
fo llow ing  d a ta  were c o l le c te d  to  e v a lu a te  the  e f f e c t  o f th e  r a t io n s :
(a) r a t io n  com position ; (b) feed in ta k e ; (c) d i g e s t i b i l i t y  o f the r a ­
t io n s ;  (d) d ry  m a tte r ,  gross energy, and d ig e s t ib le  energy in ta k e s ; (a) 
m ilk  p ro d u c tio n ; ( f )  m ilk  com position as measured by p ercen tages o f  
m ilk  f a t ,  SNF, p ro te in ,  and la c to se ;  (g) energy y ie ld  as measured by 
p roduction  o f  FCM, SCM, m ilk f a t ,  SNF, p ro te in ,  and la c to s e ;  (h) g ross  
e f f ic ie n c y  o f  energy u t i l i z a t i o n ;  ( i )  body w eight changes; ( j )  anim al 
h e a l th ;  and (k) economic d a ta  on c o s t  p e r u n i t  o f  p ro d u c tio n  and income 
over feed c o s t per cow. O rthogonal com parisons o f  (a) I  vs I I ,  I I I ,
IV; (b) I I  vs I I I ,  IV; and (c) I I I  vs IV were made fo r  a l l  s ig n i f i c a n t  




Samples of a l l  ing red ien ts  fed se p a ra te ly , and of the complete 
ra tio n s  were taken d a ily  and composited weekly fo r  a n a ly s is . The 
analyses ind icated  th a t the c a lcu la te d  values used to form ulate the 
ra tio n s  underestim ated the crude f ib e r  conten t o f the s ila g e  and grass 
hay used. The ra tio n s  exh ib ited  only sm all v a ria tio n s  in crude p ro te in  
and crude f ib e r  con ten t throughout the t r a i l  as ind icated  by the standard 
d e v ia tio n s , and the standard  e rro rs  o f the period mean, ca lcu la ted  fo r 
these two v a ria b le s . There was a s ig n if ic a n t  period v a ria tio n  in the 
crude f ib e r  percentage o f Ration I I  (P < .05) and Ration I I I  (P < .01); 
however, the crude f ib e r  percentages were never below the minimum lev e l 
recommended fo r maintenance of m ilk f a t  percentage.
Feed Intake
The animals on Rations I and IV th a t were allowed to consume one 
o r more in g red ien ts  se p a ra te ly , consumed more concentra te  and le ss  
roughage than had been ca lcu la ted  fo r  them, re su ltin g  in a h igher con­
c e n tra te  to roughage r a t io  on these r a t io n s .  The h ighest percentage of 
concen tra te  consumption was 62% of to ta l  dry m atter on Ration IV. Ration 
I I  was consumed a t  a lower lev e l than were the o th er three ra t io n s . This 
ra tio n  had a lower d ensity  than the o th e r  ra tio n s  because i t  contained 





D ig e s t ib i l i ty  o f the Rations
D igestion t r i a l s  were conducted during the fourth  week o f each 
experim ental period using two cows per trea tm en t. Ration I was s ig ­
n if ic a n t ly  h igher (P < .05) in d ig e s t i b i l i t y  than were the th ree  com­
p le te  ra t io n s . Ration I I I  was lower in  d ig e s t ib i l i t y  than was Ration 
IV with the d iffe ren ce  being h igh ly  s ig n if ic a n t  (P < .01).
Dry M atte r, Gross Energy, and D ig estib le  Energy Intake
The in takes o f dry m a tte r , gross energy, and d ig e s tib le  energy 
were lower fo r Ration I I  than fo r Rations I I I  or IV. The le v e ls  of 
s ig n if ic an c e  were 1%, 5%, and 10%, re sp e c tiv e ly . This reduction  in 
energy consumption was p rim arily  the r e s u l t  o f lower consumption on th is  
ra t io n . No d iffe ren ces  in  energy consumption were noted on the  o ther 
ra t io n s , in d ic a tin g  th a t the animals were ab le  to e a t enough o f  these 
ra tio n s  to  s a t is fy  a given energy requirem ent.
Milk Production
Milk production on Ration I  was h ig h er (P < .10) than i t  was on 
the complete ra t io n s . This apparen tly  was the r e s u l t  o f the s lig h tly , 
h igher in take  and h igher d ig e s t i b i l i t y  o f th is  ra t io n . Ration I I  pro­
duced s ig n if ic a n t ly  lower (P < .05) m ilk y ie ld s  than did R ations I I I  
and IV. This appears to be a d i r e c t  r e s u l t  o f  lower dry m atter in take 
on th is  ra tio n  which lim ited  energy consumption. There was a h igh ly  
s ig n if ic a n t  (P < .01) c o rre la t io n  of 0.29 between m ilk production and 
dry m atte r In take .
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Milk Composition
The percentages o f m ilk f a t  and SNF were h igher (P < .01) and 
(P < .05), re sp ec tiv e ly , fo r Ration I I  than fo r Rations I I I  and IV.
A ll o ther ra tio n  comparisons were not s ig n if ic a n t  fo r these two v a ria b le s .
There was a s ig n if ic a n t  (P < .05) treatm ent e f fe c t  fo r p ro te in  
percentage. A ll th ree  s e ts  o f orthogonal comparisons were s ig n if ic a n t  
a t  the 10% le v e l only. There was no s ig n if ic a n t  treatm ent e f fe c t  for 
la c to se  percentage. The c o rre la tio n s  between these m ilk composition 
v a ria b le s  were h igh ly  s ig n if ic a n t  in most cases . The c o rre la tio n s  be­
tween f a t  and p ro te in  percentages were high, while only moderate co rre ­
la tio n s  were shown fo r SNF and la c to se . Lactose percentage appeared to 
have been influenced by the high leucocyte counts noted.
M ilk Energy Y ield
There were no s ig n if ic a n t  d iffe ren ces  between treatm ents fo r  FGM, 
SCM, milk f a t  y ie ld , SNF y ie ld , p ro te in  y ie ld  o r la c to se  y ie ld . The 
c o rre la tio n s  between FCM and the o th er y ie ld  measurements were a l l  .90 
or g re a te r , in d ic a tin g  th a t FCM was a good measure of m ilk energy y ield  
on th is  study. The treatm ent means fo r  SCM and FCM were a l l  w ith in  0.2 
kg o f each o th e r , in d ica tin g  c lose  agreement on th is  t r i a l  between these 
two measures o f energy production . This c lose  a sso c ia tio n  is  to be ex­
pected when f a t  percentages a re  normal, as they were in th is  study . The 
uniform FCM y ie ld s  in d ic a te  th a t  the energy production from each ra tio n  
was e s s e n t ia l ly  equal.
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Gross E ffic iency
Rations I I  and I I I  were u t i l i z e d  more e f f i c i e n t ly  than were the 
o ther two ra t io n s .  Hie d iffe rence  between Rations I I I  and IV was s ig ­
n i f i c a n t  (P < .05). The magnitude o f  the d if fe ren c e s  in e ff ic ien cy
among a l l  ra t io n s  was sm all, as ind icated  by the o v e r-a l l  treatm ent 
e f f e c t  th a t  was s ig n i f ic a n t  only a t  the 10% lev e l  of p ro b a b i l i ty .  Ra­
tions I I  and I I I  both had h igher roughage to concentra te  r a t io s  than 
did the o ther two ra t io n s ,  and th is  energy from roughage was apparently  
more e f f i c i e n t ly  u t i l i z e d  than was the energy from concentra tes . The 
d ig e s t ib le  energy leve ls  determined fo r  a l l  ra t io n s  were approximately 
20% below the ca lcu la ted  va lues, in d ica tin g  the p o s s ib i l i ty  o f some 
depression in d i g e s t i b i l i t y  due to leve l  o f in take .
Body Weight Changes
The body weight changes on th is  experiment were small, p o s i t iv e ,  
and n o n -s ig n if ic an t .  This would in d ica te  th a t  the animals were u t i l i z ­
ing the bulk o f the productive energy fo r  milk production. I t  a lso  
in d ica te s  th a t  while these ra t io n s  adequately met the requirements of 
milk production, gross over-consumption, with concomitant excessive 
weight gains, did  not occur among the lower producers. Only one animal 
was c lassed  as over-conditioned a t  the end of the experiment.
Animal Health
The only h e a l th  problems encountered were chronic m a s t i t i s  in 
two cows, iso la te d  m a s t i t i s  flareups in  th ree  o th e r  animals, and three
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cases o f  impaction during change-over periods . The incidence o f the 
d ig e s t iv e  upsets appeared to be randomly d is t r ib u te d  among cows, t r e a t ­
ments, and change-over periods . There was a tendency fo r  some o f the 
animals to overeat during the f i r s t  two to three days o f  the change-over 
periods . No s t i f f n e s s ,  lameness o r abnormal reproductive problems were 
observed on th is  study. The m a s t i t i s  problems appeared to be more r e ­
la ted  to  housing conditions and milking p rac t ices  than to the ra t io n s  
used.
Economic Data
Actual p r ice s  fo r  feed and milk a t  the time of th i s  study were 
used to  compute feed c o s ts ,  gross income, and income over feed cos t  fo r 
each ra t io n .  A s e t  o f h y p o th e tica l  va lues, which more accu ra te ly  r e ­
f l e c t  cu rren t  p r ic e  re la t io n sh ip s  in the South Central United S ta te s ,  
were used to compute the same inform ation. In both comparisons, Rations 
I  and I I  showed h igher leve ls  o f  Income over feed c o s t ,  p rim arily  because 
of h igher costs  per u n i t  o f  production fo r  Rations I I I  and IV. The eco­
nomic s u p e r io r i ty  o f  Ration I I  over the o ther  complete ra t io n s  increased 
as the p r ice  o f  s i la g e  decreased. The r e l a t i v e  advantages o f Rations I 
and I I  were a lso  influenced by the r a t i o  o f p rice  o f s i la g e  to p r ice  o f 
concen tra te . Ration I I  was su p e r io r  to  Ration I  a t  the lower s i la g e  
p r ic e .
Conclusions
From the r e s u l ts  o f  th is  study the following conclusions may be 
drawn: Corn s i la g e  may be u t i l i z e d  success fu lly  as a source o f  roughage
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fo r complete ra tions  with, o r w ithout, the add ition  o f  p e lle te d  o r long 
hay components.
A conventional ra t io n  composed of a l f a l f a  hay, corn s i la g e ,  and 
concentra te  produced s l ig h t ly  higher milk y ie ld s  than did the complete 
ra t io n s .  This ra t io n  had an economic advantage over the complete r a ­
tions containing e i th e r  p e lle te d  or long hay a t  both of the p rice  levels  
used for economic comparisons. I t  a lso  had an economic advantage over 
the com  s ilag e -co n cen tra te  complete ra t io n  when concentra te  p rices  were 
r e la t iv e ly  low as compared to s i la g e  p r ice s .
S a t is fac to ry  leve ls  o f milk f a t  production can be maintained using 
complete ra t io n s  containing a t  le a s t  38% roughage and/or crude f ib e r  
leve ls  above 13%. Increasing  the percentage of roughage to 48.7% low­
ered a c tu a l  milk production, but FCM and SCM production remained equal 
because o f the increasing  f a t  and SNF percentages in the milk.
The add ition  of long na tive  grass hay or Coastal bermudagrass 
p e l le t s  to the complete ra t io n s  gave s l ig h t ly  h igher milk y ie ld s  than 
were obtained with s i la g e  as the so le  source o f  roughage. However, the 
lower fa t  percentage and increased feed costs  per u n i t  o f  production 
caused net d o l la r  re turns per cow to be lower when th is  was done.
The add ition  o f Coastal bermudagrass p e l le t s  to the ra t io n  de­
pressed ra t io n  d i g e s t i b i l i t y ,  but the animals were able to compensate 
fo r  the small depression by increasing  in take . At the p rices  used in 
th is  study, th is  increased production costs  and lowered net income over 
feed co s t .  Therefore, p e lle te d  Coastal bermudagrass should be c a re fu l ly  
evaluated as to cost before considering i t  as a source of roughage to 
supplement com  s i la g e .
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The add ition  o f  long grass hay to the d ie t  o f cows on Ration IV 
produced re s u l ts  s im ila r  to those obtained with the Coastal bermudagrass 
p e l l e t s .  This ra t io n  should be re-evalua ted  using a lower concentrate  
to roughage r a t io  in  the complete ra t io n .
The v a r i a b i l i t y  in lo c a l ly  produced roughages, and th e i r  dev ia­
tion  from average values, in d ic a te s  th a t  forages should be chemically 
analyzed before u t i l i z i n g  them in a complete r a t io n .  In th is  study, 
the NRC average values underestimated crude f ib e r  and overestimated 
crude p ro te in  content of lo c a l ly  produced forages. The use o f average 
values from s t a te  wide forage te s t in g  did l i t t l e  to improve the p re­
c is io n  o f  estim ates made from average values.
More information is  needed on the energy lev e l  th a t  should be 
presen t in a complete ra t io n  and on the e f f e c t  o f bulk of the ra t io n  
on in tak e . The r e s u l t s  obtained with Ration I I  in d ica te  th a t  bulk, or 
d en s i ty ,  may have r e s t r i c t e d  in take  of th i s  r a t io n .  I t  is  qu ite  poss ib le  
th a t  a  r a t i o  o f concentra te  to com s i la g e  above the leve l  used in Ra­
t io n  I I ,  but below the leve l o f Ration IV, would produce production 
lev e ls  supe rio r  to those obtained with any of the ra t io n s  on th is  study.
Further research  is  needed on the economic aspects  of complete 
ra t io n s .  Hie most important considera tion  is  the need fo r  an evaluation 
of labor savings in terms o f  d o l la r  values th a t  can be compared to any 
change in  income over feed c o s t .
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APPENDIX TABLE 1
Mean and Range o f Daily Intake of Ration Ingredients (kg) on a Dry Hatter Basis by Periods for Four Groups
o f  Four Dairy Cows Fed Experimental Ration I
Period Week^
Ingred ien ts
S ilage A lfa lfa  Hay Concentrates T ota l Dry M atter
Mean Range Mean Range Mean Range Mean Range
1 2 4.8 4 .0 -5 .6 4 .2 3 .4 -5 .8 12.2 10.6-14.6 21.2 18.0-26.0
3 5.7 5 .0 -7 .1 4 .3 3 .0 -6 .2 11.6 9 .6-13 .7 21.5 17.6-27.0
4 5.0 4 .1 -6 .5 4 .3 3 .6 -5 .4 11.7 10.5-13.7 21.0 18.2-25.7
2 2 4 .7 4 .3 -5 .2 4 .2 4 .1 -4 .4 12.3 12.1-12.9 21.1 20.5-21.9
3 4 .7 3 .7 -5 .7 4 .0 4 .0 -4 .1 11.9 11.6-12.0 20.5 19.7-21.4
4 4 .4 3 .7 -5 .2 4 .0 3 .7 -4 .1 11.9 11.6-12.0 20.6 19.4-20.8
3 2 4 .0 3 .3 -5 .1 3.4 3 .3 -3 .5 9.3 6 .2 -10 .4 16.8 12.8-19.1
3 4 .0 3 .3 -4 .6 3.3 2 .9 -3 .5 9.6 6 .9-10 .8 16.9 13.2-18.8
4 4 .5 3 .3 -5 .2 3.3 3 .2 -3 .5 10.2 9 .0 -11 .0 18.0 15.6-19.5
4 2 4 .2 2 .8 -5 .0 3.2 2 .9 -3 .6 11.3 10.3-12.0 18.7 17.4-19.9
3 4 .4 3 .8 -4 .9 3.4 3 .0 -3 .6 11.4 10.5-12.4 19.2 18.3-20.6
4 5.0 4 .5 -5 .6 2.6 1 .5 -3 .4 11.1 10.5-11.8 18.7 17.8-19.9
O ver-a ll  Mean 4.6 3.7 11.2 19.5
a /  Week one o f each period was change-over between treatments.
APPENDIX TABLE 2
Mean and Range of Daily Intake o f  Ration Ingred ien ts  (kg) on a  Dry M atter Basis by Period fo r  Four 




Ration IV Grass Hay S ilag e^ / Concentrates^/
Mean Range Mean Range Mean Range Mean Range
1 2 16.9 14.5-19.6 1.9 1 .2 -2 .3 5.4 4 .7 -6 .3 11.5 9 .8 -13 .2
3 18.5 16.2-21.6 2.3 1 .3 -3 .6 6.0 5 .2 -7 .0 12.5 11.0-14.6
4 18.0 15.4-21.3 2.1 1 .2 -3 .2 5.8 5 .0 -6 .9 12.2 10.4-14.4
2 2 18.2 16.2-19.9 1.6 1 .1-1 .9 5.9 5 .2 -6 .4 12.3 11.0-13.5
3 17.1 14.4-19.2 1.6 1 .5 -1 .8 5 .5 4 .6 -6 .2 11.6 9 .8-13 .0
4 17.0 13.9-19.0 1.3 1 .1 -1 .6 5.5 4 .5 -6 .1 11.5 9 .4-12 .9
3 2 17.2 16.6-17.5 1.8 .9-2 .7 5.5 5 .3 -5 .6 11.7 11.3-11.9
3 18.2 16.7-20.2 1.4 .7 -1 .9 5.9 5 .4-6 .5 12.3 11.3-13.7
4 18.5 16.6-20.7 1.0 .4-1 .7 6 .0 5 .3 -6 .7 12.5 11.3-14.0
4 2 16.8 15.5-18.4 1.5 1 .1-1 .9 5 .4 5 .0 -5 .9 11.4 10.5-12.5
3 17.4 15.1-19.5 1.1 .8 -1 .3 5.6 4 .9 -6 .3 11.8 10.2-13.2
4 17.3 14.9-19.5 1.1 .8 -1 .3 5.6 4 .8 -5 .3 11.7 10.1-11.2
O ver-all Mean 17.6 1.6 5 .7 11.9
§J  Week one o f  each period was change-over between trea tm ents , 
b /  S ilage  Dry M atter = Complete Ration IV DM X .322. 
c j  Concentrate Dry M atter = Complete Ration IV DM X .678.
APPENDIX TABLE 3
Crude P ro te in  and Crude Fiber Percentages on a Dry M atter Basis of the Roughage Components and Complete 
Rations Fed to the Four Groups o f Four Dairy Cows During Five Experimental Periods^/
Period Week^













1 2 11.2 27.7 18.0 36.0 6.6 33.3 15.4 16.7 14.8 16.0 18.3 12.7
3 12.0 29.9 20.7 26.6 8.1 32.1 15.7 16.9 16.3 15.6 17.9 13.2
4 11.2 28.5 22.4 26.1 6.6 34.8 14.7 16.7 15.0 16.8 17.7 13.7
2 2 12.3 26.9 22.4 24.4 6.6 33.7 16.5 16.1 16.3 14.8 18.0 12.8
3 13.2 27.5 23.2 24.8 5.9 35.7 16.2 14.3 15.7 16.6 18.4 12.8
4 13.6 25.7 v 22.2 22.7 7.3 32.9 15.6 14.1 15.3 14.9 16.0 10.8
3 2 13.0 26.4 18.3 14.8 8.6 31.3 15.4 16.8 15.4 16.6 18.4 12.3
3 12.2 30.4 21.2 24.5 7.7 32.4 15.9 19.0 15.6 16.5 16.5 12.7
4 11.2 . 30.0 22.3 23.8 7.0 23.0 14.6 18.7 15.3 17.5 16.3 14.0
4 2 11.2 29.5 19.7 27.3 6.9 32.7 15.5 21.6 14.6 19.0 16.0 16.7
3 9.6 31.1 21.4 23.8 7.5 30.8 14.9 20.7 15.8 18.5 17.3 16.1
4 12.3 30.0 21.6 21.5 7.9 31.8 16.9 17.3 15.7 18.2 17.3 11.7
5 2 12.0 28.9 22.7 23.7 7.8 34.6 15.0 18.5 15.7 18.5 17.2 14.6
3 11.9 26.6 22.8 26.0 7.8 35.4 16.1 16.4 15.6 16.9 17.6 12.5
4 12.0 27.3 20.0 24.5 8.0 33.7 16.5 14.8 16.0 17.7 17.9 14.6
O ver-a ll  Mean 11.9 28.4 21.3 24.7 7.4 32.5 15.7 17.2 15.5 16.9 17.4 . 13.4
a /  Based on proximate a n a ly s is  co rrec ted  to 100% Dry M atter Basis o f  d a i ly  samples composited and 
analyzed a t  weekly in te r v a l s .
b/ Week one of each period was change-over between treatments.
APPENDIX TABLE 4
Analysis of Variance fo r  Crude P ro te in  Percent and Crude F iber Percent of the Roughage Components Fed to 
the Four Groups of Four Dairy Cows During Five Experimental Periods^/
Mean Squares
Corn S ilage A lfa l fa  Hay Grass Hay
Component d . f . P ro te in F iber P ro te in Fiber P ro te in Fiber
Period 4 1.7099 5.2500 2.6783 28.7335 .7845 15.7864
E rro r 10 .6677 1.8224 2.6041 14.2999 .4372 6.4080
a /  Five Experimental Periods were used because the cows in  Square No. 1 were s t a r te d  the period before 
the o th er  th ree  squares.
* S ig n if ic a n t  a t  P < .0 5  
** S ig n if ic a n t  a t  P < .0 1
APPENDIX TABLE 5
Analysis o f  Variance fo r  Crude P ro te in  Percent and Crude F iber Percent o f the Complete Rations F.ed to 
the Four Groups o f  Four Dairy Cows During Five Experimental Periods^ '
Mean Squares
Ration I I Ration I I I Ration IV
Component d . f . P ro te in Fiber P ro te in Fiber Pro te in Fiber
Period 4 .3989 10.6224* .1350 4.2683** .5359 3.1562
E rro r 10 .4949 2.2329 .2973 .4989 .7748 2.2120
a /  Five Experimental Periods were used because the cows in Square No. 1 were s ta r te d  the period before 
the o ther  th ree  squares.
* S ig n if ic a n t  a t  P < .05 
** S ig n if ic a n t  a t  P < .01
APPENDIX TABLE 6
Mean and Range o f Daily Dry Matter Intake (kg) by Periods of Four Groups of Four Dairy Cows Fed the Four
Experimental Rations
________________________________ Treatment_______________________
I  I I  I I I  IV
Complete Complete Complete Ration
Control Ration_____  Ration_____  Plus Grass Hay
Period Week£' Mean Range Mean Range Mean Range Mean Range
1 2 21.2 18.0-25.9 18.9 17.5-19.9 21.4 16.1-26.8 18.7 17.0-21.8
3 21.5 17.5-26.9 20.4 18.4-21.6 21.6 19.4-24.7 20.8 18.2-23.6
4 21.0 18.1-25.7 20.0 18.4-21.7 21.1 19.3-23.0 20.0 17.2-23.2
2 2 21.0 20.5-21.9 17.2 16.0-19.4 20.9 17.7-24.4 19.8 18.0-21.7
3 20.5 19.6-21.3 18.7 17.5-20.4 21.6 19.0-23.0 18.7 16.2-20.8
4 20.1 19.3-20.7 15.2 10.0-18.0 21.4 19.2-22.2 18.2 15.5-20.1
3 2 16.7 12.7-19.0 18.1 16.8-19.3 19.0 15.2-23.2 19.0 18.3-20.0
3 16.9 13.2-18.8 17.8 17.2-18.6 20.7 18.1-22.5 19.6 17.4-21.9
4 18.0 15.6-19.5 17.5 13.6-19.6 21.4 19.0-22.8 19.5 17.0-21.7
4 2 18.7 17.4-19.8 15.8 14.1-17.1 15.1 8 .2 -20 .1 18.3 17.0-20.0
3 19.2 18.2-20.5 15.6 14.5-16.3 19.0 17.0-21.3 18.5 16.2-20.8
4 18.6 17.8-19.9 15.5 13.6-17.2 17.5 11.1-19.9 18.3 16.0-20.8
O ver-a ll  Means 19.5 17.5 20.0 19.1
a/  Week one of each period was change-over between treatments.
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APPENDIX TABLE 7
Analysis o f Variance for Total Dry Matter Intake (kg) of Four Groups
o f Four Dairy Cows Fed the Four Experimental Rations






Squares 3 50.3833 16.7944 2.33
Column/Square 12 783.4313 65.2859 9.05**
Row/Square 12 1112.7969 93.4831 12.96**
Rations 3 358.5141 119.50468 16.57**
Rations X Square 9 32.6637 3.6292 < 1
E rro r  A 24 205.3584 8.5566
Pooled Error 
(E rror A + R X S)
33 246.1868 7.2127
Weeks 2 34.3771 17.1885 4.52*
Rations X Weeks 6 39.5092 6.5848 1.73
Squares X Weeks 6 36.8297 6.1382 1.76
Square X R X W 18 80.5692 4.4760 1.28
E rro r  B 96 334.6932 3.4863
* S ig n if ic an t  a t  P < .0 5  
** S ig n if ic a n t  a t  P < .01
APPENDIX TABLE 8















Mean Range Mean Range Mean Range Mean Range
1 2 93.9 76.9-111.0 80.5 77.3-83.7 102.1 91.5-112.7 75.9 69.7-82.1
3 98.3 81.6-115.0 87.2 81.2-93.3 98.7 93.2-104.1 86.7 82.6-90.8
4 93.6 77.5-109.7 86.9 81.3-92.5 93.4 89.5- 97.2 83.0 78.2-87.7
2 2 88.4 88.2- 88.5 75.4 68.1-82.6 77.4 71.5- 83.3 80.5 73.0-88.1
3 84.5 84.4- 88.5 80.8 74.8-86.8 85.1 77.0- 93.2 75.2 65.8-84.6
4 84.6 83.0- 86.1 72.3 67.8-76.9 83.6 77.8- 89.5 72.2 62.9-81.4
3 2 63.4 54.3- 72.6 77.4 74.1-80.7 96.4 92.3-100.5 85.3 82.6-88.0
3 64.6 56.0- 73.2 76.4 73.7-79.1 96.4 95.2- 97.5 92.7 88.2-97.1
4 71.2 66.1- 76.3 78.9 74.4-83.4 98.3 98.0- 98.5 90.5 84.6-96.4
4 2 79.2 74.6- 83.8 65.5 61.9-69.0 46.1 32.5- 59.7 81.6 76.1-87.2
3 79.9 77.0- 82.7 60.1 58.6-61.6 70.0 67.7- 72.2 81.0 71.1-90.9
4 79.6 75.1- 84.2 60.0 55.0-65.1 60.2 53.3- 67.1 80.6 70.1-91.1
O ver-a ll  Mean 81.8 75.1 84.0 82.1
sj Week one o f each period was change-over between treatments.
121
APPENDIX TABLE 9
Analysis o f Variance for Gross Energy Consumption (Meal) of Two Groups
o f  Four Dairy Cows Fed the Four Experimental Rations






Squares 1 264.3408 264.3408 2.23
Column/Square 6 5368.6555 894.7758 7.54 (c)
Row/Square 6 7856.9175 1309.4863 11.04 (c)
Rations 3 1076.9434 358.9810 3.03 (a)
Rations X Square 3 35.2895 11.7632 < 1
E rror A 12 1743.9128 145.3261
Pooled E rror 15 1779.2023 118.6135
(Error A + R X S)
Weeks 2 148.0575 74.0288 2.52 (a)
Rations X Weeks 6 106.4243 17.7374 < 1
Square X Weeks 2 52.7482 26.3741 < 1
Square X R X W 6 66.7115 11.1186 < 1
E rro r  B 48 1523.5012 31.7396
Pooled Error 56 1642.9609 29.3386
(E rror B + SXW  + S X R X W)
(a) S ig n if ic an t  a t  P < .10
(b) S ig n if ic an t  a t  P < .0 5
(c) S ig n if ic an t  a t  P < .01
APPENDIX TABLE 10
Mean and Range o f  Apparent D ig e s t ib le  Energy Percen t o f the Four Experimental Rations Fed to Two Groups 













P lus  Grass Hay
Mean Range Mean Range Mean Range Mean Range
1 4 63.9 63.6-64.3 65.8 63.5-68.1 58.0 55.8-60.2 65.0 60.5-69.4
2 4 65.5 63.3-67.7 57.7 56.3-59.1 56.5 55.9-57.0 59.5 56.7-62.3
3 4 69.1 66.5-71.7 64.3 62.0-66.3 53.6 51.8-55.9 69.0 67.4-70.6
4 4 62.7 62.6-62.8 60.9 58.0-63.8 58.3 55.8-60.7 64.1 61.3-67.0
O ver-a ll  Mean 65.3 62.2 56.6 64.4
APPENDIX TABLE 11
Mean and Range of Daily Apparent D igestable  Energy In take  (Meal) During Week Four o f  Each Period of Two 














Mean Range Mean Range Mean Range Mean Range
1 4 59.8 49.8-69.8 57.0 55.3-58.7 54.2 50.0-58.5 54.1 47.4-60 .9
2 4 55.4 52.6-58.3 41.7 40 .1-43 .3 47.3 43.5-51.0 42.7 39.2-46.2
3 4 49.1 47.4-50 .7 50.9 46 .1-55 .6 52.7 50.8-54.7 62.4 59.7-65.0
4 4 49.9 47.1-52.7 36.4 35.1-37.7 34.9 32.3-37.4 52.0 42 .9-61 .1
O ver-a ll  Mean 53.6 46.5 47.3 52.8
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APPENDIX TABLE 12
Analysis o f Variance fo r  Apparent D iges tib le  Energy Percent of the 
Four Experimental Rations Fed to Two Groups of Four Dairy Cows 
During Week Four of Each Experimental Period






Squares 1 28.7471 28.7471 2.21
Column/Square 6 103.5109 17.2518 1.33
Row/Square 6 86.8135 14.4689 1.11
Rations 3 367.7612 122.5871 9.09 (c)
Rations X Square 3 32.5756 10.8585 <1
E rror 12 161.8640 13.4886
Pooled Error 
(Error + R X S)
15 194.4396 12.9926
(a) S ig n if ic a n t  a t  P < .10
(b) S ig n if ic an t  a t  P < .0 5
(c) S ig n if ic an t  a t  P < .0 1
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APPENDIX TABLE 13
Analysis of Variance fo r  Apparent D igestib le  Energy Intake (Meal) 
During Week Four of Each period of Two Groups of Four Dairy Cows 
Fed the Four Experimental Rations






Squares 1 200.3500 200.3500 5.00 (b)
Column/Square 6 942.7602 157.1267 3.49 (b)
Row/Square 6 543.7655 90.6276 2.26
Rations 3 321.0391 107.0131 2.67 (a)
Rations X Square 3 254.0350 84.678 2.11
E rro r 12 480.8290 40.0691
(a) S ig n if ic a n t  a t  P < .10
(b) S ig n if ic a n t  a t  P < .0 5
(c) S ig n i f ic a n t  a t  P <  .01
APPENDIX TABLE 14















Mean Range Mean Range Mean Range Mean Range
1 2 27.2 23.4-34.8 25.0 20.7-30.0 20.7 13.8-25.7 26.4 21.3-32.4
3 26.2 21.0-35.0 25.5 21.0-31.7 20.4 12.8-26.9 26.4 23.9-31.7
4 25.2 20.2-34.8 25.2 20.6-31.2 20.3 14.7-25.2 25.6 22.7-30.3
2 2 22.3 18.1-24.9 19.4 17.4-21.6 28.3 21.3-32.8 22.0 15.5-30.0
3 21.7 16.8-24.3 20.4 17.9-21.9 27.7 18.9-32.9 21.7 14.9-31.1
4 20.7 16.3-23.3 19.4 17.3-21.3 27.1 19.6-32.7 20.5 14.9-28.4
3 2 19.0 15.2-23.0 20.5 18.0-23.6 20.5 16.4-27.5 23.8 15.8-32.3
3 18.5 15.3-22.5 19.8 17.5-23.3 20.6 17.3-26.9 22.7 16.6-31.8
4 19.3 15.2-22.2 18.9 16.6-21.7 19.8 16.0-26.4 21.8 15.8-30.5
4 2 22.5 18.6-27.2 17.9 13.2-28.1 18.8 16.9-22.4 17.0 15.0-20.4
3 21.7 17.9-21.1 17.5 13.4-27.1 19.3 16.4-22.7 16.5 14.8-19.0
4 22.2 19.3-27.0 17.8 13.4-26.1 18.6 16.9-22.1 15.8 13.5-19.6
O ver-a ll  Mean 22.2 20.6 21.8 21.7





Analysis of Variance for Daily Milk Production (kg) of Four Groups of
Four Dairy Cows Fed the Four Experimental Rations






Squares 3 1519.5334 506.5110 61.63 (c)
Column/Square 12 942.7554 78.5630 9.56 (c)
Row/Square 12 2107.0161 175.5847 21.36 (c)
Rations 3 67.5030 22.5010 2.73 (a)
Rations X Square 9 74.0537 8.2282 1.0016
Error A 24 197.1668 8.2153
Pooled Error 
(Error A + R X S)
33 271.2205 8.2188
Weeks 2 22.5948 11.2974 16.185 (c)
Rations X Weeks 6 6.5339 1.0890 1.560
Square X Weeks 6 4.9293 .8215 1.174
Square X R X W 18 11.6640 .6480 < 1
E rror B 96 67.1672 .6997
Pooled E rro r  120 83.7605 
(E rro r B + SX W  + S X R X W)
.6980
(a) S ig n if ic an t  a t  P <  .10
(b) S ig n if ic an t  a t  P < .05
(c) S ig n if ic an t  a t  P < .0 1
APPENDIX TABLE 16














Mean Range Mean Range Mean Range Mean Range
1 2 3.47 3.31-3.55 3.60 3.32-3.92 3.69 3.58-3.93 3.65 3.22-4.01
3 3.32 2.80-3.97 3.70 3.34-4.19 3.75 3.21-4.24 3.47 2.95-4.00
4 3.44 3.24-3.71 3.68 3.18-4.16 3.61 3.41-3.94 3.47 3.04-3.99
2 2 3.50 3.16-3.82 3.81 3.45-4.53 3.44 2.96-3.86 3.48 2.96-3.98
3 3.57 3.33-4.21 3.68 3.22-4.20 3.40 2.89-4.03 3.49 3.04-3.99
4 3.65 3.32-4.36 3.79 3.29-4.45 3.33 2.87-3.95 3.33 2.86-3.80
3 2 4.17 3.67-5.22 3.75 3.51-4.03 3.63 3.33-3.92 3.55 2.90-4.02
3 4.23 3.61-5.50 3.65 3.29-3.97 3.36 2.69-3.76 4.10 3.09-5.57
4 3.79 3.71-3.88 3.75 3.46-4.02 3.50 2.90-4.10 3.67 2.94-4.04
4 2 3.65 3.16-4.27 3.84 3.11-4.31 3.73 3.43-3.90 3.51 3,31-3.74
3 3.61 3.00-4.32 3.87 3.16-4.40 3.71 3.59-3.77 3.60 3.45-3.91
4 3.50 3.12-4.31 3.91 3.15-4.58 3.70 3.27-4.57 3.47 3.21-3.84
O ver-a ll  Mean 3.66 3.75 3.57 3.57
a / Week one o f each period was change-over between ration s.
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APPENDIX TABLE 17
Analysis of Variance for Daily Fat Percent o f Four Groups of Four Dairy
Cows Fed the Four Experimental Rations
Component d . f .




To t a l 191 37.8934
Square 3 7.9585 2.6528 27.38 (c)
Column/Square 12 3.5872 .2989 3.09 (b)
Row/Square 12 13.4112 1.1176 11.53 (c)
Rations 3 1.1136 .3712 3.83 (b)
Rations X Square .4270 .0474 <1
E rro r  A 24 2.7706 .1154
Pooled E rro r  
('Error A +  R X S)
33 3.1976 .0969
Weeks 2 .1293 .0647 <1
Rations X Weeks 6 .3290 .0548 <1
Squares X Weeks 6 .4625 .0771 1.16
Square X R X W 18 1.3264 .0737 1.11
E rro r  B 96 6.3787 .0664
(a) S ig n if ic a n t  a t  P < .10
(b) S ig n if ic a n t  a t  P < .05
(c) S ig n if ic a n t  a t  P < .01
APPENDIX TABLE 18














P lus Gras8 Hay
Mean Range Mean Range Mean Range Mean Range
1 2 .94 .83-1.15 .89 .78- 1.00 .76 .50- .94 .96 .78-1.04
3 .85 .79- .98 .94 .78- 1.13 .76 .47- .99 .92 .74-1.10
4 .86 .74-1.16 .91 .83- .99 .73 .52- .86 .89 .76-1.02
2 2 .78 .69- .88 .75 .62- .98 .96 .82-1.04 .75 .59- .89
3 .77 .71- .83 .75 .60- .87 .92 .76- .99 .75 .54- .96
4 .75 .71- .79 .74 .61- .91 .89 .77- .99 .68 .49- .81
3 2 .79 .58- .94 .77 .63- .90 .74 .59- .94 .82 .64- .94
3 .77 .55- .89 .72 .58- .83 .68 .61- .75 .92 .65-1.32
4 .73 .57- .85 .71 .58- .82 .68 .57- .80 .78 .60- .93
4 2 .81 .70- .86 .66 .55- .88 .70 .58- .85 .60 .52- .72
3 .77 .67- .83 .66 .54- .86 .72 .59- .86 .59 .54- .66
4 .77 .63- .84 .67 .56- .82 .69 .55- .82 .55 .50- .63
O ver-a ll Mean .80 .77 .77 .77
a / Week one o f each period was change-over between ration s.
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APPENDIX TABLE 19
Analysis of Variance for Daily Milk Fat Production (kg) of Four Groups
of Four Dairy Cows Fed the Four Experimental Rations





T otal 191 4.52446
Squares 3 .60318 .20106 16.66 (c)
Column/Square 12 .90412 .07534 6.24 (c)
Row/Square 12 2.14483 .17874 14.81 (c)
Rations 3 .03966 .01322 1.10
Ration X Square 9 .09174 .01019 <1
E rro r A 24 .30661 .01278
Pooled E rror 
(E rror A + R X S)
33 .39835 .01207
Weeks 2 .05648 .02824 9.77 (c)
Rations X Weeks 6 .03064 .00511 1.77
Squares X Weeks 6 .01843 .00307 1.05
Square X R X W 18 .04927 .00274 <1
E rro r B 96 .27948 .00291
Pooled E rror 120 
(E rro r B + SX W  + S X R X W )
.34718 .00289
(a) S ig n if ic a n t a t  P < .10
(b) S ig n if ic a n t a t  P < .05
(c) S ig n if ic a n t a t  P < .01
APPENDIX TABLE 20















Mean Range Mean Range Mean Range Mean Range
1 2 24.9 21.9-31.2 23.4 20.0-26.9 19.7 12.9-24.3 24.9 20.1-28.6
3 23.3 20.9-28.7 24.3 20.1-28.5 19.5 12.1-24.3 24.3 21.2-29.1
4 23.0 19.3-31.4 23.7 20.9-27.4 19.0 13.6-23.0 23.5 20.9-27.5
2 2 20.7 17.6-23.1 18.9 16.4-23.4 25.7 20.8-27.8 20.1 15.0-25.3
3 20.2 17.4-22.1 19.4 16.1-21.8 24.9 19.0-27.5 19.8 14.0-26.6
4 19.5 17.1-21.2 18.9 16.1-21.9 24.1 19.4-27.2 18.3 13.2-23.6
3 2 19.4 14.8-21.9 19.8 16.7-22.9 19.3 15.9-25.2 21,8 15.9-27.0
3 19.0 14.4-22.1 18.7 15.6-21.8 18.4 16.3-21.6 22.9 16.3-29.3
4 18.7 14.6-21.7 18.3 15.3-20.9 18.2 15.4-22.0 20.4 15.3-25.7
4 2 21.1 19.4-23.8 17.1 13.8-24.4 18.0 15.5-21.7 15.7 13.8-18.9
3 20.2 17.7-23.0 16.8 14.2-23.7 18.5 15.3-22.0 15.5 14.2-17.5
4 20.4 17.3-23.4 17.2 14.4-22.8 17.7 15.0-20.1 14.5 13.2-17.3
O ver-all Mean 20.9 19.7 20.2 20.1
a / Week one o f each period was change-over between ration s.
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APPENDIX TABLE 21
Analysis o f Variance for FCM Production (Hg) o f Four Groups o f Four Dairy
Cows Fed the Four Experimental Rations





T otal 191 3336.7964
Squares 3 731.5054 243.8351 33.93 (c)
Column/Square 12 682.7241 56.8937 7.91 (c)
Row/Square 12 1510.5888 125.882 17.51 (c)
Rations 3 32.5012 10.8337 1.51
Rations X Square 9 59.1236 6.5693 <1
E rror A 24 178.0792 7.4199
Pooled E rro r 33 237.2028 7.1872
(E rror A + R X S)
Weeks 2 29.8273 14.9137 17.54 (c)
Rations X Weeks 6 11.6484 1.9414 2.31
Square X Weeks 6 5.3948 .8991 1.07
Square X R X W 18 13.6804 .7600 <1
E rror B 96 81.7234 .8502
Pooled E rror 120 100.7986 .8399
(E rror B + SX W  + S X R X W)
(a) S ig n if ic a n t a t  P < .1 0
(b) S ig n if ic a n t a t  P < .0 5
(c) S ig n if ic a n t a t  P < .0 1
APPENDIX TABLE 22














P lus Grass Hay
Mean Range Mean Range Mean Range Mean Range
t
1 2 8.49 8.27-8 .98 8.51 8 .08-8 .78 8.80 8 .38-9 .41 8.48 8.01-8 .98
3 8.46 8.11-8.75 8.39 8.13-8.82 8.81 8.45-9 .22 8.68 8 .32-9 .03
4 8.77 8 .40-9 .07 8.83 8.43-9.65 9.16 8.26-9.61 8.84 8.10-9.25
2 2 9.11 8.51-9 .66 9.10 8.68-9 .96 8.87 8.24-9.75 9.11 8.47-9 .57
3 8.77 8.34-9 .66 8.64 8.25-9 .57 8.61 8.10-9.32 8.69 8.09-9 .02
4 8.92 8 .53-9 .52 8.89 8.30-9.77 8.70 8.29-9.11 8.65 8.33-8.98
3 2 8.62 8 .36-8 .83 8.38 8 .08-8 .90 8.73 8.16-9.47 8.66 7.85-9.36
3 8.25 8.16-8 .38 8.18 8.07-8.49 8.42 7.65-9.24 8.28 8.15-8.47
4 8.49 8.10-8.85 8.39 8 .06-8 .97 8.68 8.09-9 .13 8.52 8.05-9 .46
4 2 9.13 8.94-9 .36 9.17 8.70-9.86 9.18 8.27-9 .54 9.07 8.56-9.50
3 8.27 7.82-8 .70 8.47 8.08-9 .18 8.77 8.07-9 .28 8.36 7.94-8.77
4 8.43 7.87-8.97 8.47 8.02-8 .81 8.47 8.02-8.99 8.37 8.00-9.02
O v er-a ll Mean 8.64 8.62 8.77 8.64
a / Week one o f each period was change-over between treatments.
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APPENDIX TABLE 23
Analysis o f Variance for SNF (%) o f Four Groups of Four Dairy Cows Fed
the Four Experimental Rations
Sum of Mean
Component d . f . Squares Square F-Value
Total 191 45.03694
Square 3 3.53708 1.17903 18.09 (c)
Column/Square 12 11.75209 .97934 15.02 (c)
Row-Square 12 6.59311 .54943 8.43 (c)
Rations 3 .65366 .21789 3.19 (b)
Rations X Square 9 .59268 .06585 <1
E rror A 24 1.55854 .06494
Pooled E rror 
(E rro r A + R X S)
33 2.15122 .06822
Weeks 2 3.60986 1.80493 13.08 (c)
Rations X Weeks 6 .17861 .02977 <1
Squares X Weeks 6 1.18508 .19751 1.40
Square X R X W 18 1.18033 .06557 < 1
E rro r B 96 14.19739 .14789
Pooled E rro r 120 
(E rro r B + SX W  + S X R X W)
16.56280 .13802
(a) S ig n if ic a n t a t  P < .1 0
(b) S ig n if ic a n t a t  P ^ .0 5
(c) S ig n if ic a n t a t  P < .0 1
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Mean Range Mean Range Mean Range Mean Range
1 2 2.32 1.94-3.13 2.13 1.67-2.60 1.80 1.29-2.15 2.24 1.72-2.60
3 2.21 1.79-2.84 2.14 1.76-2.62 1.78 1.18-2.27 2.29 1.99-2.75
4 2.21 1.83-3.03 2.22 1.74-2.72 1.86 1.42-2.34 2.27 1.97-2 .80
2 2 2.03 1.70-2.25 1.77 1.53-2.16 2.49 2.07-2 .86 1.99 1.49-2.55
3 1.89 1.63-2 .02 1.76 1.50-1.93 2.36 1.76-2.67 1.86 1.32-2.51
4 1.84 1.55-1.98 1.73 1.48-2.01 2.36 1.68-2.71 1.77 1.25-2.37
3 2 1.64 1.34-1 .93 1.72 1.61-1.94 1.81 1.34-2.45 2.02 1.48-2.53
3 1.53 1.24-1.87 1.61 1.44-1.88 1.72 1.39-2.06 1.89 1.35-2.63
4 1.64 1.27-1 .82 1.58 1.41-1.75 1.73 1.36-2.37 1.84 1.47-2.53
4 2 2.05 1.72-2.43 1.63 1.18-2.44 1.73 1.40-2.11 1.54 1.33-1.88
3 1.79 1.44-2.12 1.47 1.11-2.19 1.69 1.32-1.99 1.38 1.19-1.51
4 1.87 1.63-2 .32 1.50 1.14-2.10 1.57 1.35-1.81 1.33 1.08-1.64
O ver-a ll Mean 1.92 1.77 1.91 1.87
a/ Week one o f each period was change-over between ration s.
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APPENDIX TABLE 25
Analysis of Variance for SNF Production (kg) of Four Groups of Four
Dairy Cows Fed the Four Experimental Rations
Sum o f Mean
Component d . f . Squares Square F-Value
T otal 191 3539.4137
Square 3 854.5363 284.8456 44.28 (c)
Column/Square 12 823.0217 68.5851 10.66 (c)
Row/Square 12 1397.4239 116.4520 18.10 (C)
Rations 3 63.1462 21.0488 3.27 (b)
Rations X Square 9 55.6456 6.1829 <1
E rro r A 24 156.6262 6.5261
Pooled E rror 
(E rro r A + R X .S )
33 212.2718 6.4325
Weeks 2 41.4850 20.7425 17.83 (c)
Rations X Weeks 6 7.9553 1.3259 1.14
Squares X Weeks 6 5.1638 .8606 <1
Square X R X W 18 15.0648 .8369 <1
E rro r B 96 119.3523 1.2433
Pooled Error 
(E rro r B + S X W + S
120 
X R X W)
134.4171 1.1632
(a) S ig n ific an t a t  P < .1 0
(b) S ig n ific an t a t  P < .05
(c) S ig n ific an t a t  P < .0 1
APPENDIX TABLE 26
M e a n  a n d  R a n g e  o f  D a i l y  S o l i d s  C o r r e c t e d  M i l k  P r o d u c t i o n  ( k g )  b y  P e r i o d s  o f  F o u r  G r o u p s  o f  F o u r  D a i r y














Mean Range Mean Range Mean Range Mean Range
1 2 24.7 21.1-32.1 23.1 19.0-27.0 19.6 13.6-23.7 24.4 19.3-27.4
3 22.9 20.4-28.1 23.7 19.6-27.8 19.5 12.6-23.5 24.3 21.5-29.1
4 23.2 19.7-31.5 23.8 20.4-27.7 19.6 14.6-24.0 23.8 21.7-28.6
2 2 21.3 18.3-22.9 19.4 16.5-24.6 26.0 22.1-28.6 20.7 15.9-25.4
3 20.2 18.2-21.6 19.3 15.9-21.6 24.7 19.5-26.9 19.8 14.2-25.8
4 19.6 17.7-21.0 19.0 16.0-22.8 24.3 19.0-26.9 18.4 13.1-23.4
3 2 19.0 14.8-21.3 19.2 17.0-21.9 19.4 15.5-25.6 21.6 16.4-25.7
3 18.1 13.8-21.3 18.0 15.6-20.8 18.1 15.6-20.3 22.0 15.6-27.6
4 18.3 14.2-20.6 17.8 15.1-19.9 18.3 14.9-22.9 20.0 16.0-25.4
4 2 21.7 19.7-24.5 17.5 13.8-24.6 18.6 15.0-22.6 16.1 14.1-19.7
3 19.6 17.5-21.8 16.4 13.5-22.9 18.5 14.7-21.9 15.1 13.8-16.6
4 20.0 17.0-23.5 16.8 14.0-21.9 17.3 14.4-19.4 14.2 12.5-17.1
O v er-a ll Mean 20.7 19.5 20.3 20.0
a /  W e e k  o n e  o f  e a c h  p e r i o d  w a s  c h a n g e - o v e r  b e t w e e n  r a t i o n s .
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APPENDIX TABLE 27
Analysis o f Variance for Solids Corrected Milk Production (kg) o f Four
Groups of Four Dairy Cows Fed the Four Experimental Rations





T otal 191 3294.8700
Square 3 658.1744 219.3915 31.11 (c)
Column/Square 12 751.0594 62.5883 8.87 (c)
Row/Square 12 1436.8454 119.7371 16.98 (C)
Rations 3 38.8257 12.9419 1.84
Rations X Square 9 61.0028 6.7781 <1
E rro r A 24 171.7319 7.1555
Pooled E rro r 
(E rro r A + R X S)
33 232.7347 7.0526
Weeks 2 41.3289 20.6644 20.22 <C)
Rations X Weeks 6 13.2429 2.2072 2.16 (a)
Squares X Weeks 6 4.5951 .7658 <1
Square X R X W 18 14.2429 .7913 <1
E rror B 96 103.8212 1.0815
Pooled E rro r 120 122.6592 
(E rro r B + S X W + S X R X W )
1.0222
(a) S ig n if ic a n t a t  P < .1 0
(b) S ig n if ic a n t a t  P < .05
(c) S ig n if ic a n t a t  P < .0 1
APPENDIX TABLE 28
Mean and Range of Daily Protein (%) by Periods o f Four Groups of Four Dairy Cows Fed the Four Experimental
Rations











Complete R ation  
P lus G rass Hay
Mean Range Mean Range Mean Range Mean Range
1 2 3.26 2 .85-3 .48 3.25 3.00-3.55 3.69 3.26-4.29 3.34 3.03-3 .58
3 3.25 2.60-3.57 3.27 2.98-3 .52 3.96 3.40-4 .46 3.33 3.14-3 .58
4 3.27 2.72-3 .50 3.24 2.99-3.43 3.88 3.33-4.37 3.34 3.09-3 .58
2 2 3.55 3.35-3.92 3.37 3.14-3.55 3.23 2.91-3.55 3.45 3 .03-3 .89
3 3.53 3 .35-3.98 3.41 3.14-3.64 3.34 3.09-3.68 3.40 3 .00-3 .75
4 3.52 3.36-3.95 3.38 3.10-3 .60 3.32 3.01-3.62 3.46 3 .08-3 .93
3 2 3.43 3 .20-3 .76 3.45 3.25-3 .64 3.48 3 .20-3.64 3.45 3 .08-3 .92
3 3.38 2.96-3 .67 3.46 3.18-3 .76 3.44 3 .12-3.78 3.44 3.05-3 .92
4 3.50 3 .20-3 .83 3.55 3.29-3 .89 3.53 3 .15-4.02 3.68 3.44-3 .96
4 2 3.37 2.91-3 .84 3.52 3 .01-3 .98 3.54 3.39-3 .67 3.51 3.46-3 .62
3 3.39 2.87-3.94 3.64 3 .19-3 .93 3.49 3 .01-3 .76 3.50 3.46-3.55
4 3.31 2.87-4 .02 3.48 2.91-4.05 3.51 3 .27-3 .72 3.44 3 .36-3 .65
O v e r-a ll Mean 3.40 3.42 3.54 3.45
a /  Week one o f each period was change-over between treatments.
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APPENDIX TABLE 29
Analysis of Variance for Milk Protein Percent o f Four Groups o f Four
Dairy Cows Fed the Four Experimental Rations






Square 3 6.6476 2.2159 37.53 (c)
Column/Square 12 .7253 .6045 10.24 (c)
Row/Square 12 5.7431 4.7854 81.06 (c)
Rations 3 .5312 .1771 3.00 (b)
Rations X Square 9 .4939 .0549 < 1
E rror A 24 1.4543 .0606
Pooled E rror 
(E rro r A + R X S)
33 1.9482 .0590
Weeks 2 .0365 .0183 1.08
Rations X Weeks 6 .0794 .0132 < 1
Squares X Weeks 6 .0472 .0079 < 1
Square X R X W 18 .3638 .0202 1.19
E rro r B 96 1.6270 .0169
Pooled E rro r 
(E rror B + S X W + S
120 
X R X W)
2.0380 .0170
(a) S ig n if ic a n t a t  P < .10
(b) S ig n if ic a n t  a t  P < .05
(c) S ig n if ic a n t a t  P < .01
APPENDIX TABLE 30















Mean Range Mean Range Mean Range Mean Range
1 2 .88 .80-1 .00 .81 .74- .90 .75 .59- .84 .88 .67- .98
3 .83 .75- .91 .83 .74- .94 .80 .54-1.05 .88 .76- .99
4 .81 .71- .95 .81 .71- .93 .77 .64- .93 .85 .72- .94
2 2 .79 .71- .84 .65 .60- .77 .91 .75-1.07 .74 .60- .91
3 .76 .67- .81 .70 .61- .74 .91 .70-1 .02 .72 .56- .93
4 .72 .65- .79 .66 .60- .74 .89 .71- .98 .70 .58- .88
3 2 .65 .57- .74 .71 .63- .77 .71 .59- .88 .80 .62- .99
3 .62 .56- .67 .68 .59- .74 .70 .59- .84 .77 .65- .97
4 .67 .58- .74 .67 .55- .74 .69 .55- .83 .79 .62-1.05
4 2 .75 .72- .79 .62 .53- .85 .67 .62- .76 .60 .52- .71
3 .73 .64- .78 .65 .46- 1.04 .67 .58- .73 .58 .52- .66
4 .72 .63- .78 .60 .54- .76 .65 .60- .72 .54 .49- .66
O ver-a ll Mean .74 .70 .76 .74
a / Week one o f each period was change-over between ration s.
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APPENDIX TABLE 31
Analys i s  o f  Variance  f o r  P r o t e i n  P ro d u c t io n  (kg) o f  Four Groups o f
Four Dairy  Cows Fed the Four Exper im enta l  Rat ions
Component d .f .




T otal 191 3.48181
Square 3 .53180 .17727 22.24 (c)
Column/Square 12 .94436 .07870 9.87 (c)
Row/Square 12 1.41191 .11766 14.76 (c)
Rations 3 .09965 .03322 4.17 (b)
Rations X Square 9 .08942 .00994 1.37
E rro r A 24 .17374 .00724
Pooled E rror 
(E rro r A + R X S)
33 .26316 .00797
Weeks 2 .01650 .00825 4.97 (c)
Rations X Weeks 6 .01557 .00259 1.56
Squares X Weeks 6 .00387 .00064 <1
Square X R X W 18 .04093 .00227 1.42
E rro r B 96 .15406 .00160
Pooled E rro r 120 .19886 
(E rro r B + S X W  + S X R X W )
.00166
(a) S ig n if ic a n t a t  P < .10
(b) S ig n if ic a n t a t  P < .05
(c) S ig n if ic a n t a t  P < .01
APPENDIX TABLE 32
Mean and Range o f Daily Lactose (7„) by Periods o f Four Groups o f Four Dairy Cows Fed the Four Experimental
Rations
_______________________________ Treatment______________________ _________
I  I I  I I I  IV
Complete Complete Complete Ration
Period Week—̂
Control Ration Ration Plus Grass Hay
Mean Range Mean Range Mean Range Mean Range
1 2 4.80 4 .65-4 .96 4.74 4 .35-5 .03 4.78 4 .53-5 .18 4.95 4.75-5 .17
3 4.55 4 .22 -4 .90 4.70 4 .16-5 .17 4.78 4 .52-5 .17 5.01 4 .60-5 .25
4 4.62 4 .41-4 .83 4.75 4 .53-5 .06 4.81 4 .71-4 .89 4.91 4 .74-5 .09
2 2 4.71 4 .60-4 .89 4.75 4 .52-4 .87 4.73 4 .42-4 .90 4.80 4 .71-4 .90
3 4.67 4 .56 -4 .74 4.77 4.44-5 .09 4.73 4 .57-4 .90 4.73 4.64-4 ;80
4 4.67 4 .38-4 .94 4.79 4.65-4 .98 4.70 4.41-4 .85 4.44 3 .78-4 .80
3 2 4.84 4 .80-4 .92 4.63 4.53-4 .74 4.69 4 .44-4 .83 4.62 4 .50-4 .78
3 4.86 4 .77-5 .01 4.66 4 .57-4 .78 4.76 4 .65-4 .87 4.81 4 .67-4 .97
4 4.69 4 .38-4 .80 4.73 4 .53-5 .01 4.73 4 .52-5 .01 4.69 4.60-4 .80
4 2 4.80 4 .71-4 .98 4.70 4 .53 -4 .94 4.75 4 .47-5 .01 4.56 4 .33-4 .78
3 4.74 4 .47-4 .92 4.67 4.52-4 .85 4.68 4.47-5 .01 4.42 4.12-4 .57
4 4.84 4 .74-5 .01 4.87 4 .67-5 .06 4.80 4 .47-5 .09 4.63 4 .38-4 .78
O v er-a ll Mean 4.73 4.73 4.75 4.72
a /  W e e k  o n e  o f  e a c h  p e r i o d  w a s  c h a n g e - o v e r  b e t w e e n  t r e a t m e n t s .
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APPENDIX TABLE 33
Analysis o f Variance for Daily Lactose Percent of Four Groups o f Four
Dairy Cows Fed the Four Experimental Rations
Sum of Mean
Component d .f . Squares Square F-Value
T otal 191 8.7098
Square 3 .14089 .0470 < 1
Column/Square 12 .8297 .0691 1.03
Row/Square 12 2.0747 .1729 2.57 (b)
Rations 3 .0201 .0067 < 1
Rations X Square 9 .7516 .0835 1.24
E rro r A 24 1.4671 .0611
Pooled E rro r 
(E rror A + R X S)
33 2.2187 .0672
Weeks 2 .0102 .0051 < 1
Rations X Weeks 6 .1862 .0310 1.15
Squares X Weeks 6 .1860 .0310 1.18
Square X R X W 18 .5194 .0289 1.10
E rro r B 96 2.5256 .0263
Pooled E rror 
(E rror B + S XW + S
120 
X R X W)
3.2348 .0269
(a) S ig n if ic a n t a t  P < .10
(b) S ig n if ic a n t a t  P < .05
(c) S ig n if ic a n t a t  P < .01
APPENDIX TABLE 34
M e a n  a n d  R a n g e  o f  D a i l y  L a c t o s e  P r o d u c t i o n  ( k g )  b y  P e r i o d s  o f  F o u r  G r o u p s  o f  F o u r  D a i r y  C ow s F e d  t h e
F o u r  E x p e r i m e n t a l  R a t i o n s
__________________________ Treatments____________________________________ _
I I I  I I I  IV
Complete Complete Complete Ration
Period Week—̂
Control Ration Ration Plus Grass Hav
Mean Range Mean Range Mean Range Mean Range
1 2 1.31 1.09-1.73 1.19 .90-1.45 .99 .64-1.27 1.. 32 1.01-1 .68
3 1.21 .89-1.72 1.20 .87-1.53 .98 .58-1.26 1.32 1.16-1.61
4 1.17 .90-1 .66 1.20 .93-1.45 .98 .69-1.22 1.26 1.15-1.48
2 2 1.06 .86-1.15 .92 .84-1.05 1.34 1.01-1.61 1.06 .73-1.47
3 1.02 .78-1.15 .97 .86 1.04 1.32 .86-1.57 1.02 .71-1.44
4 .96 .80-1.06 .93 .81-1.03 1.28 .86-1.56 .92 .66-1 .36
3 2 .92 .75-1.10 .95 .86-1.11 .97 .73-1.32 1.10 .71-1.51
3 .90 .73-1.13 .92 .81-1.09 .98 .82-1.29 1.09 .81-1 .50
4 .90 .73- .99 .90 .80-1.00 .94 .75-1.32 1.03 .73-1.44
4 2 1.08 .93-1.30 .84 .60-1.27 .90 .77-1.11 .78 .66- .98
3 1.03 .88-1.21 .82 .61-1.26 .91 .73-1.14 .73 .66- .78
4 1.07 .93-1.31 .87 .64-1.22 .90 .75-1.11 .73 .59- .92
O v er-a ll Mean 1.05 .98 1.04 1.03
a /  W e e k  o n e  o f  e a c h  p e r i o d  w a s  c h a n g e - o v e r  b e t w e e n  r a t i o n s .
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APPENDIX TABLE 35
Analysis o f Variance for Daily Lactose Production (kg) o f Four Groups
o f Four Dairy Cows Fed the Four Experimental Rations





T otal 191 12.57245
Square 3 3.53641 1.17880 45.46 (c)
Column/Square 12 2.41723 .20144 7.81 (c)
Row/Square 12 5.15411 .42951 16.56 (c)
Rations 3 .16514 .05504 2.12
Rations X Square 9 .27516 .03057 1.26
E rro r A 24 .58062 .02419
Pooled E rro r 
(E rro r A + R X S)
33 .85578 .02593
Weeks 2 .06064 .03032 10.60 (c)
Rations X Weeks 6 .04032 .00672 ’ 2.35 (b)
Squares X Weeks 6 .02115 .00352 1.26
Square X R X W 18 .05379 .00299 1.07
E rro r B 96 .26788 .00279
Pooled E rro r 120 
(E rro r B + S XW + RXW)
.34282 .00286
(a) S ig n if ic a n t a t  P < .10
(b) S ig n if ic a n t a t  P < .05
(c) S ig n if ic a n t a t  P < .01
APPENDIX TABLE 36














P lus Grass Hay
Mean Range Mean Range Mean Range Mean Range
1 12.3 ( - ) 2 .3-24.0 10.4 7 .3 -12 .7 22.9 9 .1 -40 .4 10.8 5 .0 -25 .4
2 11.2 4 .5 -1 9 .5 4 .4 (-> 5 .0 -12 .7 5 .3 2 .3 -13 .6 4 .2 (-> 5 .9 -21 .8
3 1.9 (-)7 .3 -1 0 .9 9.0 3 .2 -1 6 .0 3.9 (-> 4 .1 -11 .3 7.1 (-> 2 .7 -16 .8
4 4 .4 (-> 5 .4 -14 .1 .5 (-> 6 .0 - 5 .4 .9 (->10.0- 8 .6 4 .0 (-> 4 .5 - 9.5




A nalysis of Variance fo r Body Weight Change of Four Groups of Four Dairy 
Cows Fed the Four Experimental Rations







T otal 63 26,409.6090
Squares 3 588.5469 196.1823 6.53 **
Column/Square 12 9,197.8125 766.4800 2.55 *
Row/Square 12 6,490.3125 540.8500 1.80
Rations 3 219.9219 73.3073 <1
Rarion X Square 9 982.8906 109.2101 <1
E rro r A 24 8,930.1251 372.0800
Pooled E rror 
(E rro r A + R X S)
33 9,913.0157 300.3900
* S ig n if ic a n t a t  P < .05
** S ig n if ic a n t a t  P < .01
APPENDIX TABLE 38
Mean and Range o f Daily Milk Leucocyte Count (DMSCC) by Periods o f  Four Groups of Four Dairy Cows Fed the














Mean Range Mean Range Mean Range Mean Range
1 2 .688 .150-2.080 .090 .050- .130 4.565 .200-16.800 .400 .050- 1.250
3 .925 .180-2.300 .548 .030-1.130 .918 .270- 2.380 .515 .050- 1.650
4 1.150 .270-3.120 .235 .080- .600 .405 .100- .720 .422 .040- 1.279
2 2 .365 .140- .620 .745 .030-1.500 1.350 .210- 3.540 .460 .040- 1.200
3 .372 .087-1.000 1.115 .040-3.700 .730 .260- 1.280 .337 .020- .800
4 .288 .100- .570 .682 .050-1.700 .992 .300- 2.300 .485 .040- 1.410
3 2 .138 .040- .190 .935 .150-2.380 1.115 .040- 2.060 .570 .140- 1.240
3 .108 .030- .200 1.178 .050-3.340 .990 .030- 2.070 1.978 .160- 7.140
4 .128 .050- .230 .853 .030-2.060 .710 .030- 1.730 1.073 .160- 3.460
4 2 1.333 .050-2.980 .343 .060- .650 .305 .030- .610 2.010 .510- 3.580
3 2.193 .070-4.660 .273 .200- .400 .165 .050- .290 3.740 .260-12.900
4 1.430 .030-3.460 .368 .190- .700 .095 .070- .130 2.065 .580- 3.860
O v e r-a ll Mean .760 .614 1.028 1.171
a /  Values coded X 10”^
b/  Week one of each period was change-over between ration s.
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APPENDIX TABLE 39
Analysis o f Variance for Milk Leucocyte Count (DMSCC) of Four Groups
o f Four Dairy Cows Fed the Four Experimental Rations^'







T o ta l 191 60,102,038,000
Squares 3 2,803,344,100 934,447,870 1.99
Column/Square 12 4,093,898,220 374,543,620 <1
Row/Square 12 10,398,378,200 866,509,800 1.85
Rations 3 919,900,420 306,633,470 <1
Ration X Square 9 4,132,666,600 459,185,150 <1
E rro r A 24 11,358,635,400 473,264,600
Pooled E rro r 
(E rro r A + R X S)
33 15,491,302,000 469,433,300
Weeks 2 323,385,860 161,693,020 <1
R ations X Weeks 6 1,925,730,300 320,954,880 1.60
Square X Weeks 6 1,472,712,200 245,452,060 1.32
Sq X R X W 18 4,845,838,300 269,213,180 1.45
E rro r B 96 17,827,549,000 185,703,630
Pooled E rro r 120 21,672,387,300 
(E rro r B + SXW  + S X R X W)
201,217,490
a /  Data coded X 10”^
* S ig n if ic a n t a t  P < .05 
** S ig n if ic a n t a t  P < .01
APPENDIX TABLE 40
Mean and Range o f E ffic ien cy  o f Energy U tiliz a t io n  (%) During Week Four o f Each Period o f Two Groups o f
Four Dairy Cows Fed the Four Experimental Rations
Treatment
I I I I I I IV
Complete Complete Complete Ration
Control Ration Ration Plus Grass Hay
Period Week Mean Range Mean Range Mean Range Mean Range
1 4 45.7 28.2-63.2 43.4 39.8-47 .1 43.8 39.7-48.0 46.3 45 .7 -47 .0
2 4 37.4 35.1-39.8 44.6 37.0-52.2 55.3 49 .0-61 .7 50.3 50 .1-50 .5
3 4 41.1 38.9-43.4 38.5 35.8-41 .3 36.4 27.7-45.1 34.2 26 .0 -42 .4
4 4 40.2 35.9-44.6 53.4 44 .5 -62 .4 55.7 51 .8-59 .6 30.7 21.6-39.8
O v er-a ll Mean 41.1 45.0 47.8 40 .4
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APPENDIX TABLE 41
A nalysis o f Variance fo r E ffic iency  of Energy U tiliz a tio n  (%) During 
Week Four o f Each Period o f Two Groups of Four Dairy Cows Fed the 
Four Experimental Rations





T otal 31 32.4012
Squares 1 8.3130 8.3130 27.51 (c)
Column/Square 6 4.2691 .7115 2.36
Row/Square 6 12.3874 2.0646 6.83 (c)
Rations 3 2.8984 .9661 3.20 (a)
Rations X Square 3 .4086 .1362 <1
E rro r 12 4.1248 .3437
Pooled E rror 
(E rro r + R X S)
15 4.5334 .3022
(a) S ig n if ic a n t a t  P < .1 0
(b) S ig n if ic a n t a t  P < . 0 5
(c) S ig n if ic a n t a t  P < .01
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